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I,  SYNOPSIS 

This  report  cotttains  basic  aircraft  data  and  somo  of  tlio  basic  porformanco 
data  that  are  currently  available  for  the  P8U-3  aircraft.  A  brief  deociiption  of 
the  F8U-3  is  also  given. 

Included  as  basic  aircraft  data  are  tho  stability  derivatives  of  the  F8U-3 
in  both  wind  axes  and  body  axes  and  the  airplane  characteristics  for  both  the  lateral 
and  longitudinal  modes.  Also  given  are  tho  performance  functions  of  tho  lateral  and 
longitudinal  variables  as  influunced  byj*^  *  (jtr  * 

Tho  basic  performance  data  contained  in  this  report  ha^'o  been  presented  in 
tho  form  of  graphs.  Some  of  tho  data  presented  were  not  originally  received  in  the 
form  shown.  Where  this  occurs,  the  method  used  to  obtain  this  data  will  bo  given, 

II,  DESCRIPTION  OF  F8U..3  ^ 


The  F8U-3  is  a  single  seat,  high  performance  all-imathor  fighter  designed 
to  perform  the  combat  air  patrol  mission  or  tho  general  purpose  fighter  mission. 

The  F8U-3  is  a  missile  carrying  aircraft  and  an  armament  bay  is  provided 
in  the  fuselage  which  is  capable  of  housing  a  variety  of  armament  arrangements. 
However,  as  its  basic  armament,  it  will  carry  three  Sparrow  III  missiles  -  one 
bottom  and  two  side  missiles  -  which  are  mounted  semi-submerged  on  tho  fuselage. 

The  bottom  missile  when  extended  (at  launch)  is  orientated  1*  39”  down  from  the 
aircraft* s  water  line,  Tho  side  missiles  are  orientated  19"  out  from  the  water  line. 

This  aircraft  is  powered  by  one  Pratt  and  .illaitney  JTliB-22  engine  with  . 
afterburner.  The  afterburner  on  this  aircraft  is  either  on  or  off.  When  it  is  on, 
the  turbojet  throttle  may  be  adjusted  to  give  any  power  setting  ftom  16,000  to 
2U,000  pounds  of  thrust.  This  method  essentially  gives  a  variable  afterburner, 

A  picture  of  the  F8U-3  as  seen  from  three  views  is  shown  in  figure  1, 

III,  BASIC  aircraft  DATA 

The  stability  derivatives  presented  in  this  report  ware  obtained  for  the 
maximum  velocity  of  the  F8U-3  at  each  of  throe  altitudes  -  1,000  feet,  30,000  feet, 
and  50,000  feet,  Tho  velocities  used  in  obtaining  tho  stability  derivatives  will  be 
indicated  by  cross  marks  on  the  f8U-3  maximum  velocity  profile,  »rt»l,oh  Is  shown  in 
figure  3» 


The  wind  axes  stability  derivatives  are  shown  in  Table  I,  The  airplane 
characteristics  for  both  the  lateral  and  longitudinal  stick-fixed  modes  are  also 
included.  The  body  axes  stability  derivatives  arc  given  in  Table  II,  Both  tables 
are  contained  in  Appendix  I,  There  were  several  stability  derivatives  for  which 
no  data  were  available  and  these  will  be  so  indicated  in  the  tables* 

The  pertinent  angles  of  the  FBU-’  are  shown  In  figure  2,  Tho  angles 
shown  are  for  the  F8U-3  at  combat  weight-wheels  up.  The  Radar  Olmnal  Mechanical 
Axis  (ROMA)  la  located  on  the  water  line  and  the  published  data  by  Chanoe  Vought 
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on  angle-of-attack  is  reforrod  to  the  water  line,  Thci  borosicht  tolerance  for  the 
missiles  is  one  degree. 

Appendix  I  also  contains  the  equations  of  motion  in  Loth  wind  and  body 

axes  form. 


In  Appendix  11^  the  porformanco  functions  of  the  lateral  and  longitudinal 
variables  as  influenoed  tycfa^i/r^cQ*  given.  The  method  of  obtaining  those  per¬ 
formance  functions  is  also  described, 

IV,  BASIC  PKRFORMANCE  DATA 

The  aircraft  performance  data  presented  in  this  report  are  for  the  F8U-3 
airplane  carrying  three  Sparrow  III  missiles  mounted  semi-submerged  on  the  fuselage. 
All  performance  data  at  altitude  are  at  combat  gross  weight-wheels  up,  O.W,  • 

30,$78  pounds,  lAierever  the  engine  had  any  effect  on  the  data,  they  are  given  for 
the  JTljB-22  engine. 

All  performance  data  curves  are  presented  in  Appendix  III.  Since  some 
of  the  data  shown  are  not  in  the  original  form  as  received  from  the  manufacturer, 
the  method  used  In  obtaining  this  data  will  be  given. 
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APPENDIX  I 


This  appendix  includes  the  equations  of  motion  in  both  the  wind  axes  and 
body  axes  forms.  Table  I  gives  +he  stability  derivatives  in  wind  axes  and  Table  II 
contains  the  body  axes  stability  dorivatlves  The  equations  ’-rtiich  wore  used  to 
transform  the  wind  axes  stability  dtrivatives  into  body  axer.  stability  derivatives 
will  not  be  given  in  tnis  report,  but  they  rosy  be  found  in  i^pendix  II  of  reference 
Jj,  pages  88  and  8$» 

Given  below  are  the  equations  of  motion  in  terms  of  wind  axes 

Lateral 


Roll: 


lawt 


s"^-  ^  +  /s'*-  ^  s) ■f  -  B-  Jo.  0 

or 

'orce: 

( -  5  —  d)  ^  'Jib  )  5^  offt,  •"  ^0-  Ja.  —  O 

^_y^9_  ^  (|  -  Vh.) 5^'  +  ^  ^  ~  ^ 


Side  Force: 


Longitudinal 


Pitch: 


/s’-.  ikifiiL s  -  —I*  +('s''-5ts)i'-^M  -  ^Je  =  0 

ttt* 
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Lift* 


/  c  k4|s  ^1 S  V  **  U  ~ 

'*^i^S-i<.;')«  +  (l--f{)S»--Ay-A'>'‘  'O 

ii  «  +/-3^)  I- +  +  ?«>_/£•»  » 

■niV  >>lV/  -y^V 

or  ^  ^ 


The  six  equations  of  notion  in  body  axes  (principal  inertisl  axis)  form  are  listed 
below* 


U+  w^-v'r  *  Xe  +  X^.(m-Uo)  +  Xw(’'^-'^o')+X^<^-+-Vj^^Jc  “‘■I  -  e 

2. 

V  4.x^A-^u;p  -/v\/  +  WP+xn.  -j-^j.C05©snJ^2f 

3* 

vC*  t\/p-t!^  -  ^, +^.v^ (C^-Op) 2,^  (w- Wo)  + ^ '♦‘2$co'g 

p  4-  4-  i'rP  -f  4- 

^  ^ )  Y-p  «  (u-^o)  t  4* ■'>?w  ^  f  +  €- 

o* 

Listed  below  are  some  dimensional  data  of  the  model  F8U-3  Airplane  which  may  be  of 
interest. 


Sj,  wing  area 
Kkf  aspect  ratio 


■  1*^0  sq,  ft. 
-  3.55 


b,  wing  span  -  ^479.1;  in, 

Cf  mean  aerodynamic  chord  >  153.U3  in. 

W,  combat  weight-wheels  up  30.578  lbs, 
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stability  Derivatives 


Altitude-Feot 


Mach  No. 


Velocity-Ft./Sec , 


q  -  Ibs/ft^ 


■  C<^-  deg. 


Ijjjj  “  slug 


Hv 


Fp  * 


it* 


><ra* 


1,000 

30,000 

50,000 

1.17 

2.20 

2.20 

1300 

2185 

213U 

O.03I18 

0.0320 

0.0826 

1,951 

2,122 

822 

-1.828U 

-1.551 

-0.322 

19,955 

19,92li 

19,8U9 

115,800 

115,800 

115,800 

126,U78 

126,508 

126:,583 

3,U13 

2,886 

590 

1  ..  .f4|.00  ,  ] 

-1.79 

-0.2785 

-0.165 

-0.070 

-I6lu3 

-8U.5 

-31.1 

-21.05 

-17.2 

-9.28 

♦5.07 

+6.0 

+3.28 

+0.0225 

+0,0193 

-0,00035 

-1.119 

-0,5o8 

-0.2ii8 

'•  30.35 

+5.U5 

+7.15 

+1.012 

-iao2 

•0.311* 

-1.3U 

-2,U0 

-1.715 

-0.8)41 


-0M6 


-0.195 


NO  det«  was  available 
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TABLE  I  -  Continued  _ _ _ _ 

i.nnn  ^in.nnn  tfn.nnft 


«  »  No  datA  va8  available 
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Altitudo-Feet 


Mach  No, 


Velocity-Ft/seo , 


«  o^'o  -  dog 


o  -  lbs 


1,000 


1300 


-1,828U 


-0.07U00 


'7.5015 


-0.00075 


-0.05370 


+0.00U3 


-1.0380 


-2,1C27 


-2li6.87 


-0.12226 


-9.3232 


-0.20990 


TAPI£  II 

STABILITY  DERIVATIVES  -  BODY  AXES 


30,000 


2.20 


2165 


-1*551 


-0.0l;0l8 


-U.i»328 


-0.0012U 


-0.02194 


+0.00013 


-0.31800 


-23.000 


-0.91211 


-0.04631 


-163.81 


-4.0162 


-0.14459 


50,000 


2.20 

2134 


iO.322 


0 


-  31,430 

28,683 

12,059 

19,846 

19,846 

19,846 

.0.02349 


-0.46024 


-0.00072 


-0.01274 


+0.00004 


-0.18350 


-0.40569 


-0.02598 


-83.224 


-0.01446 


-1.7906 


-0.06885 
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TABLE  II  -  Continued 


Altitude-Foot 


Velocltyv-Ft/ see . 


* 


1,000 


1,300 


-20*9lt9 


*k*B222 


-O.eiilOO 


30,000 


2,165 


-17.W1 


♦5.6071; 


-0ja;600 


«  -  No  data  was  available 

NOTE;  (1)  All  angles  are  measured  In  radians 

(2)  All  velocities  are  measured  in  It/seo. 


50,00 


2,13U 


-9.2923 


♦3.2199 


-0.19500 


♦6.3850 

♦lU.858 

♦10,U57 

♦0,02395 

♦0.00266 

♦0,00336 

♦0.033ii8 

♦0.02259 

-0.00017 

-1.1177 

-0.50759 

-0.2i;793 

♦1.1168 

-1.0277 

-000591; 

-1.3638 

-2.1;232 

-i.73ii8 
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APPINDIX  n 

Thi«  appendix  inoludea  the  performanoe  fiinotlona  of  tho  lateral  and 
longitudinal  varlablaa  aa  influanoad  oad^  •  Tbaaa  quantltlaa  daflna 

tha  dpnamlo  ralationahlp  of  tha  airoraft  varlablaa^  i?a« 

Longltudlnalr  r  m  r*  n  *)  r 


Lateral t 


=  D’P]-*jir*CPF]v,J»<sfA 

-  rpp]^, 


Before  tabulating  the  valuca  of  tha  parformanoa  fuaotlona  of  tha  F60*3>  tha 
method  of  bbtalning  will  be  explained* 

For  the  longitudinal  oaaej  va  refer  baok  to  tha  longitudinal  wind  axaa 
equations  of  notion  glTon  in  Appendix  I«  These  three  aquations  najr  be  written  aat 

V  -  y 


*0 

-  O 

~  O 


For  a  input  to  the  sFatam,  we  my  rewrite  above  as 
s'- +  ->V1ot  -r^J^  S' 

..4^,s--£w  (Mj’)®  --**<  ■ 

*t«  S4tl^  > 


•14’ 
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Using  Ciamer's  rule,  we  o«ti  solve  for  sn  ^  response  to  s  ^  ligmt* 
Ve  would  hsve 


—  Am 

-  cf»4(,  4t 

?/v 


- 


The  dencmlnstor  of  the  above  is  known  as  the  stick  fixed  oharaoteristlo 
equation  and  will  be  abbreviated  as/Y« 

The  above  determinant  may  be  rewritten  ae  belowr 


s'-  ^^5 

--yyi^ 

A  jo 

S'i 

<5c.  A 


where 


Stoilarly,  /(^  and  .  nay  be  solved  for, 

9j9  e  e 

The  lateral  perfoxmanoe  functions  may  be  derived  in  a  slnilar  nannerf  l,e» 
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Th«  p«rformanoa  functions  for  the  78U-3  for  the  three  flight  oondltlons 
oonaldered  will  notf  bo  listed  t 

Oeselt  ■  1300  tpa  at  1^000  feet 

Lateral 

A  -  *0.99536  a  (a  +0.016U5)  (a  ♦  9.7iOy)  (a^  ♦  l.$$k6  a  *  29  959) 

-  •.OM365  a  (a  +0.06283)  (a  +  2I.I81) 

■  ♦0.0061i2  a  (a  ♦  0.01200)  (a  +  10.36?)  (a  +  187 Ji^) 

■  ♦0.1+1*365  (a  -  0.78027)  (a  +  I.690I)  (a  ♦  20.00?) 

-  -1.2031  (a  10.251)  (a^  +  0.68l08'a'+  0.13313) ' 

ly'r 

Nrfr  ■  -20.877  a  (a^  ♦  l.?028  a  *  23.5?8) 

N-  ,  -  ♦U.8I*0?  a  (a  -  2.7732)  (a  v  1*,6513) 

Longitudinal 

A  -  ,  (a^  ♦  0,01+04?  a  ♦  0.00120)  (a^  ♦  1.7335  a  ♦  72.040) 

X  -  -0.19000  (a  +  224.20)  (a^  ♦  0.04000  a  +  0.00042) 

N^j  -  +0a?000  (a  +  0.03?71)  (a  +  20.092)  (a  -  20.517) 

*/®e 

.  •  +0.00103  (a  ♦  1.5076)  (s  •!  1247.3) 

My  *8 

Case  II};  7p  •  2185  £pa  at  30^000  feet 

Lateral 

/\  ■  +0.99670  a  (a  +0.03080)  (a  +  4J+127)  (a^  +^.52637  a  +  5.0168) 

-  +1,4942  a  (a  -0.02787)  (s  +  3.0289) 

N/i,/.  •  +0.00678  a  (a  +  0,00531)  (a  ♦  4.2244)  (a  +  334.22) 

■  -1.494?  (a  3.3650)  (a^  +0,25335  a  +  0,56235) 

-  -2.2632  (a  +  4.2672)  (a2  +0.35915  a  +  0.27610) 

■  -17.360  a  (a*  +0,93885  a  +  11,26?) 

Kr  -  +5.6522  a  (a  -5.1835)  (a  +  6.1327) 
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7’ 


LongltudlMl 

A  «  (■-0*00263)  (■  •»>0.02292)  *  0.94291  ■  +U8.287) 

-  -0,07500  (■  ♦306.98)  (»®  *0.02100  ■  ♦  0,00026) 

■  ♦0.07500  (a  +0.02026)  (■  -  15.078)  (*  ♦15J.2D 
HMrJt  "  ♦O^OOUO  (a  *0.35568)  (■  *588,311) 

Case  mj;  Vp  •  2134  tpa  at  50«000  feet 

Lateral 

^  -  0.99986  •  (a  *0,00933)  (■  ♦1.8593)  (®*  ♦  0,36496  •  ♦  7.1482) 

-  ♦0.35724  a  (a  -0.07709)  (■  +1.2489) 

-  *0.00490  8  (■  +0.00452)  (a  *1,8311)  (■  *347.13) 

-  -0.35724  (■  +2.2558)  (a^  -0.49660  a  *  lJi253) 

•  -1,6997  (a  +1,8890)  (a^  *0,09261  a  *0.14045) 

•  -9.2893  a  (a^  +o ,44038  a  *8,2419) 

"  +3.2291  a  (a  -  2.8242)  (a  +  3.2614) 

Longitudinal 

A  "  (»^  *0,00915  a  +0.00005276)  (a^  +0.50935  a  *  27.274) 

-  -0.03900  (a  *339.95)  (a^  *0,01100  a  *0.000296) 

NfiJc  “  +0.03900  (a  *0.00875)  (a  -IO.I98)  (a  *10.307) 

-  *0.000831  (a  *0,13171)  (a  +565^0) 
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XTPEIffilX  in 


This  appendix  presents  baslo  perfortrAnce  data  ourrently  available  on  the 
F8U-3  In  the  forms  of  graphs.  In  several  oases,  It  was  necessary  to  perform  oaloula** 
tlons  to  obtain  the  curves  shown.  In  these  cases,  the  method  used  to  obtain  these 
ouznres  will  be  stated. 

The  maximum  velocity  envelope  of  the  F8U-3  for  different  altitudes  is  shovn 
In  figure  3.  A  curve  showing  where  the  aircraft  structural  limitations  occur  is  also 
given.  Indicated  in  oroaa  marks  on  the  speed  profile  are  the  aircraft  velocities  and 
altitudes  at  which  the  stpbility  derivatives  were  obtained.  The  maximum  velocity 
envelope  shown  is  for  the  JTliB-22  engine.  The  velocity  profile  has  been  obtained 
thi'ough  use  of  the  five  equations  listed  below.  The  points  at  which  calculations  were 
performed  to  obtain  this  speed  profile  are  shown  by  a  oircled'^ot. 

1)  q  -  1/2/3  V2 

2)  Ct  ■  NJi  where  N  ■  1  lor  the  spaed  profile 

qs 

3)  Cd-Cd  +0^2 

■^Twr- 

ll)  D  ■  Cjj  qs  ’ 

5)  When  D  ■  ^available*  maximum  velocity  at  that 

altitude. 

In  figure  k,  the  net  thrust  that  is  available  is  given  for  different  alti¬ 
tudes  over  a  range  of  various  mach  numbers.  These  net  thrust  curves  are  for  maximum 
reheat  power  only  and  are  given  for  the  JTliB-22  engine. 

Figure  5  shows  the  zero  lift  drag  versus  mach  number  for  the  F8U-3.  This 
figure  contains  curves  of  the  zero  lift  drag  coefficient,  Cp  ,  for  either  missiles 
on  or  missiles  off.  o 

The  drag  due  to  lift  is  given  in  figure  6,  Here,  Oswald's  efficiency  factor, 
e,  is  plotted  versus  mach  number  for  several  different  values  of  the  lift  coefficient. 

Figure  7  contains  the  drag  summary  for  the  f8U-3,  where  the  lift  coefficient, 
Cj^,  is  plotted  versus  the  coefficient  of  drag,  Cp,  for  various  mach  numbers.  The 
curves  shown  in  this  figure  have  been  obtained  through  use  of  equations  1,  2,  and  3 
previously-listed  in  this  appendix  and  figures  5  and  6, 

In  figure  6,  the  F6U-3  lift  ourve  slc^e  variation,  C.  ,  vereua  mach  nuinber 
is  given,"  Thie  curve  has  been  obtained  through  use  of  the  trlmiRd  31ft  coefficient, 

C.  ,  vereua  ^  for  diff event  mach  number  ciirves,  which  were  given  in 

TRIM  rUSBLAQB 

reference  U. 
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^gure  9  gives  the  mudinum  taoticall^  usable  lift  ooeffiolant  for  various 
siach  numbers  for  this  aircraft. 

In  figures  10  thraigh  12^  the  amount  of  thrust  that  Is  required  for  the 
aircraft  to  sustain  different  steady  state  load  factors  for  various  fighter  speeds  is 
choTJn,  Also  shown  in  the  figure  la  the  net  thrust  available  from  maximum  power  set¬ 
tings,  The  data  shown  in  each  figure  has  been  obtained  for  the  aircraft  flying  at  a 
constant  altitude  and  using  the  JTliB-22  engine®  These  curves  have  been  calculated  by 
using  equations  I  through  H  previously  listed  in  this  appendix  and  figure  h*  However^ 
1x1  equation  2,  N  now  assumes  values  of  either  1,2|3  or  4  gees. 
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Figure  3*  F8D-.3  Max5jnur.  Velocity  Profile 


CONFIDENTIAL 


■•WJKK'  •*"' 


INSTALLED  NET  THRUST  (I  000  pounds) 
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Figure  5.  F8U-3  Zero  Lift  Drag  vs.  Kaeh  fiiadier 
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71gur*  8*  F8U-3  Lift  Curve  Slope  Variation  With  Maoh  Munber 

.26.  CONFIDENTIAL 


Figure  F80-3  KaxinuB  Dsuable  Lift 
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MACH  NUMBER  Sr-t3449 

Figure  10.  Required  aivi  Ayailablo  Thrust  versus  Kacb  Humber  for  Differeat  Stc&dy-Stats  tiTfvi  Factors 
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MACH  NUMBER  er-/344C 

Figure  IZ,  Required  aai  Available.  Thrust  versus  Mach  H-jsiber  for  Different  Steadty-^tate  Load  Factors 
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-  Ancle  botveon  tho  volooity  vootor  and  tho  vrator  lino  of  the  alrorafb 

-  Clinb  angle  of  th-j  aircraft* 

-  Anglo  botwoon  tho  volooity  vector  and  tlio  principal  inertia  axla 
of  tho  aircraft. 


W,3rW* 


“  p  —  ■’2 

-  Donsity  (nlixgs/ft^) 

-  Aspect  Rntlo 

-  Wing  span 

-  Mean  aorodynanlo  chord 

-  Coefficient  of  drag 

-  Zero  lift  drag  coefficient 

-  Coefficient  of  lift 

•  Partial  of  lift  vdth  respect  to  Cd 
«  Drag  of  aircraft 

-  Os^-rald’s  offlcioncy  factor 

-  Mach  number 

-  Mass  of  aircraft 

-  Number  of  goes 

-  Dynamic  pressure 

-  Wing  area  of  aircraft 

-  Thrust  of  aircraft  engine 

-  Volooity  of  aircraft  (ft/seo.) 

«  Weight;  of  aircraft  at  combat-wheels  up 
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This  report  concerns  the  criteria  for  detecting  the  failure  of  puUup 
attacks  by  exaaliilng  the  recovery  maneuver  tMcb  must  follow  the  attack. 

The  minimum  value  of  load  factor  Hg  or  during  the  recovery  exposes  the 
worst  flight  limitations  of  the  maneuver.  The  mini mum  value  of  is  calculated 
by  assuming  a  constant-energy  trajectory  with  variable  load  factor  and  constant 
Ci,  max. 


Reoorary  Attaoki 


1.  Introduction 

In  processing  digital  conpiter  calculations  of  pull><ip  trajeotoriast  sons 
unsuccessful  attacks  can  be  classified  imaediately*  (hher  attacks  \^oh  appear  to  be 
satisfactory  are  actually  unsuccessful  because  the  fighter  has  difficulty  in  recorerlng 
from  the  flight  conditions  ooouring  at  the  end  of  the  pull-up. 

In  order  to  determine  idiioh  attacks  fall  from  poor  recovery  conditions,  the 
type  of  recovery  maneuver  must  be  specified,  as  well  as  the  parameter  limits  which 
determine  a  suitable  recovery.  After  these  decisions  are  made,  a  method  of  calculating 
the  quantities  viiich  indicate  undesirable  recoveries  without  involving  additional  com¬ 
puter  use  is  desirable.  Such  a  method  can  be  derived,  from  the  consteint  energy  pull-up 
concept  discussed  in  an  existing  Air  Arm  report.*  This  proposed  method  is  discussed 
in  Seetlo»3>2  and  3.3* 

2.  Discussion  of  Recovery  Maneuvers 

A  pull-up  attack  is  assumed  to  end  at  the  Inqjaot  of  the  missile  with  the 
target.  The  recovery  maneuver  then  begins.  This  maneuver  should  most  rapidly  allow 
the  aircraft  to  (l)  avoid  the  ijiq>aot  vicinity  and  (2)  regain  speed  and  a  desirable 
flight  attitude. 

Some  pull-up  attacks  break  off  with  the  fighter  in  an  inverted  position, 
that  is,  the  flight  path  angle  is  between  90  and  180  degrees.  ETom  this  position,  a 
fast  recovery  is  to  utilize  the  pull  of  gravity  in  increasing  the  rate  of  rotation  of 
the  Velocity  Vector.  It  is  assumed  that  the  flight  path  angle  will  be  equal  to  or 
greater  than  180^  before  the  aircraft  is  rolled  upright  or  the  loop  coc^leted  by  the 
pilot. 


Other  pull-up  attacks  break  of  with  the  flight  path  angle  between  0°  and 
90*.  The  pilot  can  then  decrease  the  angle  of  attack,  roll  the  plane  into  an  Inverted 
position,  regain  the  angle  of  attack  and  again  allow  gravity  to  aid  in  increasing  the 
rate  of  rotation  of  the  velocity  vector  so  that  a  rapid  recovery  may  be  achieved. 

It  seems  reasonable  to  assume  that  the  value  of  normal  g's,  at  the  top 
of  the  r  ecovery  trajectory  will  indicato  the  lowest  performance  capability  of  the 
aircraft  during  the  recovery  maneuver,  since  deceleration  has  ended  at  this  point  and 
velocity  is  a  minimum.  See  equation  (s)  section  3.1.  At  all  points  occuring  later, 
velocity  has  been  regained  and  the  performance  capability  of  the  aircraft  should  have 
ingtroved.  A  minimum  load  factor,  can  be  specified  for  a  particular  aircraft  and 
all  pull-up  attacks  >di08e  recovery  maneuvers  involve  specified  can 

be  rejected  as  unsuccessful. 


*  Air  Arm  Report  No.  AA-14I6 
Pull.up  Manauvera  by  B.  R.  Dougon 
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.  EnufttloBa  of  Motion 

3.1  Bffinifl  AfimMBtigna 

Aa  dlsouBsad  In  a  pravious  report*  the  eonatant  energy  puU'^P  reaulta  if 
thruat  la  aaaumed  etpial  to  drag  throughwt  the  zutneuver.  The  alnpllfled  equailona 
of  Dotion  of  an  alroraft  In  the  vertloal  plane  then  heeoM 


/T)  v'  r 

—  >r)  9  S/h  jf' 

OJ 

mV  ^ 

A/^  mg  -  CoS 

L2) 

vdiere 

m : 

mass  of  aircraft  in  aluga 

v  = 

5- 

velocity  of  aircraft  in  ft/aec. 

32.17  ft/aec^. 

Nz 

;  Load  factor  J|{ 

W 

where  L  -  lift  in  pounda 

W  =  weight  of  alroraft  in  pounda 

The  oondltlona  of  the  recovery  maneuver  may  he  approximated  by  aasunlng 
oonatant  energy  and  oonatant  CXr  max  vlth  variable  load  factor. 

Load  factor  ^ 

4m 

I.  :  C^i-P\/^S  C4) 

where  Cl  =  Coefficient  of  lift 
■P  =  air  density 
S  ®  wing  area 


V  la  assumed  constant 

is  assumed  constant  for  the  altitude  ohange  of  the  recovery  maneuver.  S  is  oenstaat* 

« 

For  the  low  velocity  and  high  altitude  at  the  end  of  a  pull-up  attack  V  and  ^  are 
small  so  that  the  maximum  value  of  lift  ooeffioj  ent  Cl  is  needed  for  the  v^lue  of  lift^ 
L,  required  for  the  maneuver.  Cl  is  assumed  equal  to  OiiUMv  and  is  assumed 

constant  at  the  altitude  and  speed  of  the  recovery  maneuver. 

7  is,  therefore,  the  variable  affeotlitg  Ng,  and  Hg  is  proportional  to  the  square 
of  aircraft  velobity.  Fur  this  assus^tlon 

iS) 

The  subscript  aero  donates  conditions  at  the  start  of  the  recovery  maneuver. 

3.2  Equation  of  Recovery  Tralectorv 

Since  Ng  at  the  top  of  the  recovery  trajeotoxy  has  bean  selected  for 
evaluation  of  satisfactory  maneuvers,  an  equation  of  this  trajectory  Involving  only 
flight  path  angle,  ,  and  load  factor  is  desirable. 

To  obtain  this  equation,  7  can  be  eliminated  from  equations  (l)  and  (s) 
by  substituitlug  the  relationship  from  equation  (5).  If  the  resulting  two  equations 
are  then  multiplied  together  and  Integrated  between  the  limits  Xi.,  a:^  $ 

the  desired  equation  is  obtained*  ®  i  • 

(6)  ■  cas  ~  ^  VjTo 

Since  y  is  ISO^  for  minimum  (**/)  substituted  for  oos  f 

above.  Eqtiation  (6)  then  becomes 

(7)  r  Hgl-e,hlt^Cost^-t3C»S^>iaN2.^ 

The  values  of  and  at  the  start  of  the  recovery  maneuver  are  the  and 

y  existing  at  the  end  of  the  pull-up  attack  if  the  aircraft  is  not  rolled.  If  roll 
effects  and  roll  time  are  assumed  negligible,  NEq  remains  after  roll  as  the  value  for 
Cl  -  Cl  max  at  the  end  of  the  pull-up  attack,  and  Y  immediately  before  roll  beoomss 
180  -  y  after  roll. 

3’;3  Solution  of  _Rseoverv  Tra  jectory  Equation 

When  values  for  initial  conditions  are  substituted  in  equation  (6)  for  a 
given  reoovory  trajectory,  this  equation  assumes  the  form 

Nz  -  O 

In  solving  this  equation  by  Lin's  method  the  significant  root  is  the  one 
obtained  by  starting  with  a  trial  di^sor  equal  to  -  .  This  root  can  be  quickly 

determined.  d 


3.4  OorntMTlaoB.  Qf  Ratiulta 

Solutions  of  aquation  6  have  baan  ooofMurad  with  valuaa  obtained  ftron  oaleu** 
latlon  of  trajeotorlaa  of  a  modern  nlUtarj  alroraft  bgr  a  digital  oonputer.  The 
Bgraeaent  was  found  to  be  good. 

As  an  axaaple,  a  portion  of  a  loop  trajeotory  oaloulated  by  a  digital 
ooaput^r  for  a  reprasentatlva  alroraft  was  ohosoa  with  Units  oorrespondlng  to  a 
reoorary  maneuver  starting  with  to  ■  123.6*  and  "  1*70,  and  ending  by  oompleting 
the  loop.  Since  the  main  point  of  interest  was  for  minlnun  A/f  at  ^  b  180*,>  equation  7 
was  used  and  A/z  at  ^  »  ISO*,  was  found  to  be  1.13.  The  nearest  point  to  g  *  ISO* 
tabulated  by  the  oonputer  was  lSO.97*  for  viiioh  equaled  1.129*  Flight  was  at 
Cl  max  between  the  Units  studied.  The  portion  of  the  maneuver  examined  began  at 
26,000  feet  and  ended  at  28|000  feet. 

4*  Cowolunlona 

Equation  6  is  reooomended  for  use  lAen  evaluating  recovery  maneuvers  of  the 
typo  discussed  in  this  report. 

If  maneuvers  are  performed  at  low  altitudes  and  involve  large  altitude  ohanges 
or  if  thrust  differs  greatly  from  drag  the  vaUdity  of  equation  6  should  be  tested  be¬ 
fore  its  use. 

Fbr  maneuvers  involving  reasonable  altitude  inorenents  at  moderate  to  high 
altitudes,  results  oaloulated  ^ould  agree  olosely  with  actual  oondltlons* 
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CONPIMNTMU. 


This  report  proaents  the  remits  of  an  In¬ 
vestigation  of  the  pull-up  oapablllty  of  the  XIA  In- 
teroeptor  weapon  syaten  against  targets  at  higher 
altitudes  flTlBC  *  ooors*. .  P4H-I  aircraft 

oharaoterlstloB  were  used.  Missile  capability  Is 
described  by  means  of  maxinum  and  mlnlinim  range 
equations  and  an  expression  for  the  average  relative 
missile  speed.  In  general  the  attacks  Involved  de¬ 
tection,  an  acquisition  manuver,  a  lead  oursuit 
course  to  within  firing  range,  a  lead  pursuit  illum¬ 
ination  segment  and  an  analysis  of  the  rocovery 
manuver.  The  limitations  on  oapAbillty  resulting 
from  various  system  parameters  are  presented. 
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1,  Target  Vu^jier ability  at  65,000 
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3«  Target  ^ulner&biltty  at  30,000 
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OblaotlTe  >  Ihie  Btudy  was  undertaken  to  determine  the  oapabllity  of  the 

XIA  Weapon  System  for  pull««p  Attacks  in  the  head-on  oase. 

2*  fiTQflrtlOT 

2>1  Scope  -  fbr  this  Investigation  targets  at  65,000,  50,000  and  30,000 
feet  are  examined  for  vulnerability.  Target  and  interceptor  speeds 
of  Ittoh  2.0  or  V  max.  anx  Ntoh  0.9  are  considered.  Figure  1  gives 
V  max.  figures  for  the  F4H-I  below  30,000  feet. 

2.2  Attack  Doctrine  -  The  attack  begtasat  the  AI  radar  detection  range, 
tfiii^r  Mach  0^9  Interceptors,  raaxiiaum  thrust  acceleration  Is  begun 
while  maintaining  level  flight.  Mach  2.0  interceptors  continue 
level  flight.  At  a  specified  time  after  detection,  ptilX-aip  to  a 
lead-pursuit  course  is  begun.  The  puU-^  is  accon-^lished  at  a 
constant  value  of  normal  acceleration  or  at  maxiirtbui  lift 

(Gj,  max.)  if  this  limitation  of  L/V  is  less  than  the  speoifled 
value.  When  the  following  Hff^tariaare  met,  the  missile  is  launched. 

1.  Launch  error  (€)  <.  10* 

^  ®  ^  ®min. 


A  lead-pursuit  course  is  maintained  by  the  interceptor  after  Ihuhch 
to  provide  illumination  of  the  target .until  lirpaot.  If  the  accel¬ 
eration  of  the  course  exceeds  the  capability  of  the  interceptor  a 
max.  course  is  flown.  The  time  of  flight  of  the  missile  is  oom- 
puted  by 


1.  Sift  n-  ,, 

(Vo  +  t^  IT 

2. 

Sin 

See  Figure  2 

At  ia^ot  the  Interoeptor  performs  a  breakaway  nr*  uver  to  oomplete 
the  attack.  For  this  evaluation  the  breakawa/  aanuver  oonslsts  of 
cos^letlon  of  a  loop  with  a  oinimuic  value  for  l/v  of  0,5  g's  at 
the  peak  altitude  of  the  manuver.  See  Reference  1. 


R 

IVo 


2.3  At  toll;..  C9«gU^1il9B 

2.3.1  Al  Detection  BajigR  is  determined  by  using  the  head-on,  co- 
altltude  range  for  a  B-47  target.  FL{^e  3  shows  the  rengos  of  the 
current  AI  radar  for  cumulative  detection  probabilities  of  50  and  85%, 
The  horiaontal  separation  at  detection  was  assumed  to  be  constant  for 
all  inoremeutal  altitudes. 


2.3.2  Interoeptor  ribrlaapi.al  Aooeler^tlon  data  was  obtained  from  a 
digital  ooopitation  that  used  the  model  developed  from  lift,  drag 
and  power  plant  data  of  the  F4H-I.  See  Reference  2  and  3. 
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RM46E  RATE  FT^C 


2.3.3  ROI-Dd  and  are  oooputed  on  the 

digital  oonputer. F4H>1  alroraft  oharaoteristloB  were  taxon 
from  the  nodal  of  Befarenoa  2,  The  equations  used  for  the 
trajectories  are  davelopod  In  Reference  4.  It  Is  of  Interact 
to  note  that  the  oonputor  program  aooounts  for  the  iollovlrig 
factors. 

1.  Lead-Pursuit  based  on  Vo  valU'JS  ft'om  the  AN/AFA-ISS 
coaster. 

2*  Airplane  Lift-Qrag  relationship  that  varies  with 
Maoh  No. 

3.  The  dlaplaoemont  of  the  Radar  dlmbal  Mechanical  Axis 
(R.G.M.A.)  from  the  (F.R.L.),  Fuselage  Refereae*  Idas. 

4,  Tho  vwii’iutioii  oi'  tho  ‘tritm:iod  ahgle  of  attack  with 
flight  condition. 

5*  Thrust  variation  with  14aoh  No.  and  altitude. 

6.  C^siax.  as  limited  by  buffet  and  control  authority. 

The  expresBlons  for  Rnax.»  ®ailn.  ^  Appendix 

X. 


2.4  Data  Developed  -  Procedures  were  adopted  to  develop  the  following  data* 

1.  Altitude  -  Time  of  Pull-Up  aones  of  target  vulnei>- 
ability. 

2.  The  effect  on  capability  of  increased  AX  reidar  range, 

3.  The  ‘limitations  on  capability  due  to  gimbal  angle 
limits. 

4*  The  effect  of  excluding  -L/V  courses. 

5.  Recovery  limitatious  of  system  capability. 

The  parameters  of  the  present  XXA  system  constitute  the  basic  con¬ 
figuration.  Detection  Range  data  are  shown  in  figure  1.  Pitch 
gimbal  angles  iA^  are  +47®  (up),  -38®  (down), 

2.4.1  Altitude-Time  of  Pall-Uo  Zones  of  Target  Vulnorabllltv  are 
generated  by  the  results  of  trial  attacks  at  different  In^ 
cremental  altitudes.  At  each  altitude  the  inltiatloa  of  the 
attack  will  be  delayed  by  a  trial  number  of  sedonds  after 
AX  radar  detection  uhtll  a  failure  is  encountered.  Attack 
failure  is  defined  in  215. 

2.4.2  The  Effect  of  Increased  AI  Radar  Ranee  is  demonstrated  by  ^ 
trial  increase  corresponding  to  a  cumulative  detection  pFO~ 
bability  of  .50  for  the  AI  radar.  See  Figure  3.  Attacks 
successful  vdth  these  trials  would  apply  regardless  of  the 
oause  of  the  razige  increase. 

2.4.3  Gimhal  Angle  Idmitationa  are  examined  by  study  of  the  courses 
that  fplled  due  to  gimbal  angle  limitation. 
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It  Is  nsoess&ry  to  deteradns  that  aystaa  oapablUty  would  bo 
Inoreassd  by  raising  tha  Halt*  This  is  dons  by  obserrlng 
tbs  prcHdalty  of  othsr  psrformaaoe  llaltatlons* 

2.4.4  Ths  Sffsat  of  ffiMiudin— LAt  Coiii.ss«  is  ddtsmlnsd  by  snalnatlon 
of  ths  I/lif  linitsd  ooursss  in  a  aannsr  siadlar  to  2.4*3* 

2*4*5  Ba  SBwmflg^iaa  a£„t  Rcoomy  L/if  Q»5  wiu  szoindo  som 
arsas.  As  in  2*4*3  ud  2.4*4>  tbs  sacdludod  OGurass  mist  ba 
sxatained  to  sas  if  an  adjustasnt  of  tbs  spooifisd  linit  would 
yiold  a  pignifioant  inersass  in  oapability.  Tha  rsquirananta 
of  2*4*4  and  2*4*5  ars  ths  prssuiasd  Units  of  fU^t  nannrsring 
in  ths  abssnos  of  flight  tsst  inrastlgatlons* 


a  ars 


1. 


2*5  Attaalr  Pbilurs  is  ostabllshsd  idisn  any  of  ths  following  oonditlo. 

not* 

A  Isad-pursult  oondltion  ( £  10*)  is  not  aohloysd 

GiBbaSTangls  llait^^t?^?®  ^  ^  -33*)  are  eacossdsd 

vhsn  R  dstsetlon  ^  R  ^  R  Inpaet. 

Rsoovsry  nanavor  results  in  L/V  ^  0.5  g'a* 

“  VW. 


3* 

4* 


Trajectory  requires  negative  values  of 


3.0  Results  and  Conclusions  -  lull-up  oapability  as  proeented  in  figures 
W  to  lb  has  been  summarized  in  Tables  1,2  and  3  for  targets  at 
65,000,  50,000  and  30,000  feet.  The  prinolpal  limitations  of  pull- 
up  oapability  are  ,-:lveu.  Outstanding  areas  of  s#lrtrietionmay  be 
noted  by  study  of  the  limitations  remaining  at  the  increased  range 
(5056  cumulative  probability)  pull-ups* 


1*  Interceptors  at  a  Mach  0*9  flight  condition  are  useless 
for  attacking  65,000  foot  targets. 

2*  AI  radar  range  holds  the  incremental  altitude  attack 
capability  of  the  Mach  2*0  Interdeptlon  of  \  Mach  2.0 
target  to  a  very  low  value  (13,000  feet)  for  65,000  and 
50,000  foot  targets. 

3.  A  Mach  0*9  interceptor  has  more  capability  than  a  Mach  2*0 
interceptor  against  Haoh  2.0  targets  at  50,000  feat  and 
equal  capability  at  30,000  feet. 

4^  Negative  gimbal  angle  limits  restrict  pull-up  capahi.lity  a- 
^  gainst  Maoh  2.0  targots  at  50,000  and  30,000  feet. 

5.  Recovery  problems  limit  system  oapability  against  Mach  0.9 
targets  at  50,000  feet. 

6.  The  exclusion  of  courses  with  negative  values  of  L/W  does 
not  basloly  limit  syctem  capability. 

7.  There  is  a  Atrfcad  improvement  in  pull*^p  oapability  when 
detection  is  made  at  the  range  of  50f>  cumulative  probability 
instead  of  the  range  of  B5%  cumulative  probability. 
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PULL-UP  ATTACKS -HEAD  ON 
MACH  0.9  TARGET  j  0,5,000  fT 
50%  detection  PROBAblUTV -B"^7 
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FIGURE  U 
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PULL-UP  ATTACKS -HEAD  ON 
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PULL-UP  3s  OR  C,  MAX. 
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parison  to  Ideal  perfonoanoe  is  made  and  a  reooasaendation  of  a  method  for 
generating  additional  data  is  given. 
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1.  Intfoduotion 

Za  an  alr>to-«lr  intaroapt  problam  in  which  an  Intaroaptor  air¬ 
craft  nuat  daatrojr  an  incoming  bombar  a  aariaa  of  aaquantlal  avanti  ocour. 
'These  can  ba  aaquantlally  llatad  aai 

1.  Dataotlon  of  an  impending  attack 
2*  Vectoring  of  the  intaroaptor  to  meat  the  attack 
34  Detection  of  the  incoming  bombar  by  the  intaroaptor  dataotlon 
system 

4#  Look-on  to  and  tracking  of  the  incoming  bombar  by  the  inter¬ 
ceptor  tracking  systam4 

5*  Reduction  of  the  staaring  error  of  the  attack  course  to  a 
magnitude  such  that  the  annament  may  be  launched  at  the 
bomber  to  achieve  a  kill 4 

64  Execution  of  post  launch  procedures  by  the  intaroaptorf 

This  report  deals  in  detail  with  the  fifth  item  of  this  list#  -  reduction 
of  the  steering  error4  This  is  the  second  report  written  on  this  subject 
with  regards  to  the  F4H-1  and  F81J-3  Weapon  Systems4  The  first  report 
utilised  only  the  F4H-1  aircraft  charaoteristios  and  one  target  spaed 4 
Thera  was  also  no  absolute  limit  to  the  magnitude  of  normal  acceleration 
which  the  pilot  could  employ  to  reduoa  the  steering  arror4  As  a  oonsaquanoaf 
g's  in  excess  of  4  were  employed  by  the  pilots  in  many  oasos  to  reduce  the 
steering  errors. 

This  report  presents  a  comparison  of  F4H-1  and  F8U-3  aircraft 
operating  against  various  target,  speeds  with  a  limit  of  3  g's  for  the  oor- 
reotive  maneuver. 

2.  Summary  of  Results 

2.1  As  a  oonsequenoe  of  the  initial  condition  used  in  this  study  in 
conjunction  with  the  high  closing  speeds  and  limited  starting 
ranges  it  was  impossible  to  reduce  the  steering  errors  in  many 
of  the  test  oases.  See  Figure  1  and  2  for  test  oases  studied. 

2.2  Due  to  the  limited  ranges^  the  majority  of  the  maneuvers  executed 
to  reduce  the  steering  error  are  constant  rate  turns. '  .  Examination 
of  the  simulator  recordings  indicate  extremely  slight  variation 

in  interceptor  turn  rate.  Consequently  a  good  approximation  to  > 
the  manner  in  whloh  steering  errors  are  reduced  can  be  achieved 
by  oaloulations  whloh  Ignore  the  effects  of  pilot  and  aircraft. 

The  methods  of  performing  this  calculation  are  detailed  in  referenos 

1. 

2*3  Table  1  summarises  the  results  of  the  settling  time  study.  The 

table  lists  the  test  oonditionsi  whether  or  not  the  steering  error 
was  reducedi  and  the  minimum  value  to  whloh  the  steering  error 
was  reduced  for  65%  oumulAtive 'probability  and  50%  cumulative 
^  probability.  This  table  also  lists  the  figures  whloh  should  be 
eonsttlted  for  detailed  information  ooncirnlng  a  partloular  test 
oaee. 
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Initial  Errort  ■  20®,  30®,  40*  ('/'-  60®) 


F4H'>1 


Start  Raaga 


10  n.m.  Tairget  10  n.m. 

F8U-3  Vf  ■  2185  ^./aeo  Vj  ■  854  Vaao. 

Vp  j»  1897  Veoo  Vx  ■  854  Vaao. 

Initial  Errors  *  20®,  30® 

Flgura  1 
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TEST  CASES  STUDIED 


F4H-1  Vt  -  Vf 's  1897  '/••© 

Initial  Errors  ■  20*,  30* 


F8U-3  Vf  ■  2185'  Vs»o  Vj  »  1897  ''./•oo 
Ixiitlal  Errors  20*,  30* 

Figur*  2 
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2»4  It  can  be  atatad  for  th«  taat  eaaaa  atudlau  that  no  raduotion 
In  ataarlng  arror  ia  posai^a  for  atarting  rangea  of  ?*5  n«m» 
or  5  n.mi  Tor  tha  oaaaa  of  naxlmm  targat  apaad  axtraaaly  liidtad 
oapabllity  axlatc  to  raduoa  tha  otaaring  arror  In  all  oaaaa 
studlad. 

For  tha  oaaa  of  tha  targat  tra'raling  at  1518  ft/aao  (1^1.53) 
with  an  aapaot  angla  20^  off  of  the  targat 'a  noaa  atarting  at 
lO.n.ni.  tha  capability  to  raduoa  tha  ataarlng  arror  la  marginal. 

With  greatar  aapaot  anglaa  or  alovar  apaada  thla  oapabllity  ia 
inoraasad. 

2.3  There  were  no  aignlf leant  dlfferenoaa  noted  In  the  ability  tof 

control  tha  F-4H1  and  the  FSJ-^3  alroraft  in  tha  required  manaurara 
during  thla  atudy. 

3. 

The  simulation  employed  In  this  study  was  axaotly  the  same  as 
that  used  in  the  earlier  settling  time  study  with  the  exception  that  a 
buzzer  sounded  whenever  a  maneuver  of  greater  than  3  g's  was  In  process. 

Tha  pilot  restricted  the  maneuver  to  just  keep  the  buzzer  oUattarlng. 

The  data  describing  the  T8D-3  alroraft  contained  6Ln ^(rafaran<^  2) 
was  used  in  the  simulation  of  the  F8n>3  aircraft. 

The  effects  of  interceptor  slow  down  were  neglaotad  on  a  basis 
of  the  information  presented  in  Figure  34  and  3B. 

4.  Probability  of  Lock-On  Errors  -  Collision  Vectoring 

Figures  4>  5,  6,  and  7  present  the  cumulative  probability  of  look- 
on  errors  for  different  aspect  angles.  The  method  of  oaloulatlng  this  data 
la  the  same  as  used  in  reference.!. 

5.  Plgwpsj-ffn ■■aOaeidtB 

5.1  Time.  The  re8\ilta  of  thi»  study  presented  In  Figures  8  through  23 
Illustrates  the  prime  necessity  of  sufficient  time  to  perform 
the  error  settling  function*  This  time  la  made  available  by 
either  Increasing  look  on  range  or  alaa  operating  against  alow 
speed  targets. 

5*2  Data.Asseasment  and  Interpretation.  The  data  as  presented  yields 
the  times  required  for  85%  off  the  runs  and  50%  of  the  runs  to 
reduce  tha  stealing  error  below  tha  values  listed  as  the  ordinate 
of  the  ourvaa.  The  polntr  at  which  tha  ourvas  terminates  are 
.  the  points  at  which  no  longer  85^  and  50^  of  the  oaaaa  ware 
raduolng  tha  errors*  Tha  curves  were  produced  with  a  requirement 
that  tha  error  must  remain  below  the  arror-tlma  reading  point  for 
at  least  three  seoonda.  It  was  observed  that  ohanging  this  raquira- 
mant  to  slsr  aaoonda  would  have  nagllgable  affaota  upon  tha  results 
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Figure  5 
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and  ooneaquently  the  data  waa  not  aaseeaed  with  reapeot  to  this 
criteria. 

5.3  Reap  Results  and  IBM  Results.  From  a  stvidy  of  the  Reap  elmulatloc 
recordings  It  appeared  that  the  majorit7  of  the  paneuvers  could 
be  approxljnated  by  constant  rate  turns.  Figures  9*10>11,13,14., 
16~23  compare  settling  time  curves  generated  bgr  a  single  course 
on  the  to  the  statiscally  generated  results  from  the  Reao 
study.  The  dashed  lines  represent  the  lEM  generated  data.  In 
most  cases  the  agreement  is  excellant.  In  a  few  eases  it  apnears 
that  the  Reao  runs  were  performing  a  maneuver  Just  slightly  in 
excess  of  3  "g^s  load  factor.  A  slight  excess  Integrated  for  a 
period  of  tine  world  produce  such  a  disagreement.  It  indicates 
that  the  buzzer  sounds  between  on  and  off  were  weighted  slightly 
towards  the  on  situation  for  these  few  oases. 
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abstract 


This  report  presents  tho  results  of  an  investigation 
of  the  pullup  capability  of  the  XIA  interceptor  weapon  system 
against  targets  flying  a  head-on  course  at  a  higher  altitude* 

The  probability  of  successfully  launching  the  missile  is  com¬ 
puted  after  a  statistical  evaluation  of  the  model. 

F4H-1  aerodynamic  characteristics  are  used.  Missile  • 
capability  is  described  by  maximum  and  minimum  launch  range 
equations  and  an  expression  for  average  relative  missile  speed* 

In  general  an  attack  consists  of  the  following*  Vector- 
Ingi  detection^,  lock-on,  a  conversion  maneuver,  a  lead-pursuit 
course  to  within  firing  range,  launch,  a  post  launch  lead-pursuit 
illumination  segment  and  a  recovery  maneuver. 

Data  is  developed  to  show  the  probability  of  successful 
missile  launch  for  Mach  2.0  interceptors  attacking  mach  2.0  and 
mach  0.9  targets  at  50,000  ft.  and  at  65,000  ft.  Results  are 
also  given  for  a  realizable  radar  improvement  which  greatly  in¬ 
creases  the  capability  of  the  system.  It  is  of  interest  to  note 
that  each  computation  of  the  probability  of  successful  launch 
requires  the  statistical  evaluation  of  24  Individual  attacks. 
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This  study  vaa  undertakes  to  develop)  data  aultabla  for  uaa  In 
oomputisg  the  overall  kill  probability  of  the  ZIA  Mapoa  system  for  hea^oo 
pullup  attacks. 

For  various  combinations  of  target  velocity^  fighter  velocity, 
and  incremental  altitude,  the  probability  of  successfully  launching  the 
missile  was  determined  after  evaluating  the  effects  of  the  followings 

1.  Probability  distribution  of  vectoring  errors  in  a  collision 
vectoring  system. 

2.  Probability  distribution  of  detection. 

3.  A  fixed  10-second  loek-oh  time. 

4.  A  fixed  AI  gimbal  coverage. 

5.  Probability  of  converting  steering  error  at  look-on  to 
witiiin  +10°  before  minimum  launching  range,  Rmin* 

6.  A  mlnlinum  recovery  L/V  of  0.5  g's. 

2.  Conclusions 

1.  Interceptors  using  the  Unimproved  radar  show  little  capability  against 
Mach  2.0  targets  at  50,000  ft.  and  65,000  ft.,  as  shown  by  Figures  6  and 

7. 

2.  Incridslng  the  AI  radar  range  of  85^  cumulative  detection  probability 
(from  12.75  N.M.  for  Mach  4*0  closing  rates  to  19  N.M.)  greatly  increases 
system  capability  against  both  Mach  0.9  and  Mach  2.0  targets.  See  Figures 

■  4,  5,  6,  and  7. 

3.  Inability  to  reduce  initial  errors  to  within  +10  degrees  between  and 
Rjiiji  is  the  gr3atost  restriction  on  system  capability.  For  e  given  radar 
model  the  principal  restriction  on  success  against  50,000  ft.  targets  is 
the  pilot’s  liMtation  to  a  3g  course.  For  65,000  ft.  targets  aircraft 
CLmwv  limitations  often  hold  coui‘se  segments  to  less  than  3g  and  thus 
become  significant  restrictions.  Increased  AI  radar  range  alleviates  the 
restrictions  due  to  the  pilot,  and  to  a  lesser  degree  those  due  to  aircraft 
performance. 

4.  Antenna  gimbal  angle  limits  restrict  pullup  eapability  by  oxAy  a  few  per¬ 
cent  in  the  areas  indicated  in  Figures  4-7  except  as  noted  in  section  4.2.3 

5.  The  Criterion  of  minimum  l/rf  s  o.5g  during  recovery  reatriots  success  for 
pullups  from  low  altitudes  against  65,000  ft.  targets. 

6.  In  general,  vectoring  errors  reduce  the  probability  of  suooeseful  launch. 

An  exception  occurs  at  low  fighter  initial  altitudes  when  recovery  is 
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the  principal  limitation.  Large  vectoring  error*  then  cause  the  sttaoks 
to  be  made  in  a  slant  plane  which  begins  to  approach  the  horiiontal 
=  0<^).  The  interceptor  thus  suffers  less  slowdown  during  the  attack 
and  higher  values  of  h/v  exist  during  the  recovery  maneuver. 

3.  Inveatigatlon  Procedure 

3.1  Scone  -  For  this  investigation,  targets  at  65»0OO  ft.  and  50,000  ft. 

altitude  are  examined  for  vulnerability.  Interceptor  speeds  of  Mach  2.0 
or  and  target  speeds  of  Mach  2.0  and  Mach  0.9  are  considered*  For 

F4H-l^^inax  values  below  30,000  ft.  see  Figure  1. 

3.2  Attack  Doctrine 

3.2.1  Vectoring 

This  study  evaluates  pull-up  attacks  made  after  the 
interceptor  has  been  vectored  into  a  head-on  course  with  respect 
to  the  target.  The  attacks  arc  dispersed  horizontally  as  a 
result  of  vectoring  errors.  In  order  to  show  the  effects  of  a 
vectoring  error  on  a  pull-up  attack,  the  pullup  trajectory  must 
be  expressed  in  three  dimensions  in  the  general  case.  For  head- 
on  pull-up  attacks,  in  which  the  interceptor  course  and  the  tar¬ 
get  course  are  initially  parallel,  the  pullup  trajectory  will 
occur  in  a  slant  plane  which  contains  the  lead-pursuit  triangle 
as  shown  in  Figure  2.  The  tangent  of  the  angle,  fi  ,  between  the 
slant  plahe'And  a  horizontal  reference  plane  is  equal  t6  the 
initial  altitude  difference  of  the  interceptor  and  the  target 
divided  by  the  horizontal  component  of  the  separation  of  their 
initial  courses. 

3.2.2  Pull-uo  Maneuver 

After  the  vectoring  phase  la  completed  by  detection  of 
the  target,  a  lO-eeccnd  interval  is  assumed  for  lock-on  time.  The 
pull-up  maneuver  is  then  mado  st  e.  constant  normal  acceleration  of 
3g's  or  at  maximum  lift  coefficient  if  this  acceleration  exceeds 
+he  capability  of  the  interceptor. 

3.2.3  Launch  Criteria 

When  the  following  criteria  are  met  the  missile  is 

launched. 

.  1,  Launch  error  ( 6  )  ^  10® 

2.  Rjoax  >  ^  ^Wn 


A  lead-p\irsuit  ooxirss  with  minimum  error  is  maintained  by  the 
interceptor  after  launch  to  provide  illumination  of  the  target 
until  impact. 


-2- 


CONFIDENTIAL 


CONFBDENTIAL 


CONFIDENTIAL 


MACH  number 


CONFIDENTIAL 


.  Fi&ure  2.  Leno  PuRtuix  Triangle,  in  Slrnt  Plane 
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Th«  tin*  of  flifth'c  of  tho  uImIIo  is  oonputod  'by 

aquation 


X~16  tf 


sin  Y 


Thaaa  equations  are  o«>nlinad  to  the  slant  nlano  ohown  in  Fif^re  2 
At  impaot  the  Interoeptor  performs  a  break-away  maneuver  to  oom- 
pleta  the  attack.  For  this  erraluatlon  the  braak-awe/  maneuver 
ooaslsts  of  oonpletlon  of  a  loop  vith  a  ainlaimt  of  0.5  s's 
at  the  peak  altitude  of  the  maneuver.  See  referenoe  2  for  details 

3.3  Attack  Computation 

3.3.1  Badar  Model 

The  probability  distribution  of  deteotion  is  assumed 
normal.  The  standard  deviation  of  this  distribution  is  taken 
as  3*5  nautical  miles  based  upon  a  review  of  APQ>50  Naval  Air 
Test  Center  teat  data.  See  References  6  and  7. 

The  head-on  ooaltltude  range  of  oumulative  deteotion 
probability  (B47  target  and  AP(^72  radar)  at  a  closing  rate  of 
liaoh  4.0  is  token  as  12*75  N.M.  for  unimproved  radar,  and  as  19 
N.M.  for  the  improved  radar.  The  horisontal  separation  at  deteo¬ 
tion  was  assumed  to  be  oonstant  for  all  inoremental  altitudes. 

Antenna  glnbal  angle  limits  arei 

1.  Unimproved  radar 

1.  Elevationj  7v  e  a  (up)  and  -38^  (down). 

2.  azimuth;  ^a  a  +41® 

2.  Improved  radeu* 

1.  ^7®  in  both  azimuth  (As)  and  elevation,  e. 

3.3.2  geotorlng  yrobobilitv  Distribution 

Vectoring  errors  were  assumed  to  result  in  a  normal 
probability  distribution  of  attacks  with  a  standard  devlAtiun 
of  3  N.K.,  as  specified  by  the  Naval  Research  Iisboratory  in  a 
memorandum,  0-5309-387/57,  dated  May  14,  1957. 

3.3.3  llgih2d  see  Figure  3. 

The  horizontal  plane  from  which  puU  ups  ar«i  initiated 
is  divided  into  two-milo-square  boxes.  To  each  box  Is  assigned 
a  probability  of  success,  Pg.  The  probability  of  success  for  a 
particular  box  is 

I*S(B)  =  PV(B)  *  PtO(B)  *  ?8(B)  X  ^*0(8)  *  ^('3) 
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Vbeire 


Py  <■  Vectoring  probability 
Pyj  B  Lock-on  probability 
Pq  -  ainbal  coverage  probability 

Pq  b  Conversion  probability  (probability  of  converting 
Initial  steering  error  to  vlthln  +10°  before  RgiinO 

Pp  ■  Probability  of  recovery  L/W  of  0.5  g  or  greater. 

Subscript  B  designates  value  for  a  single  box. 


Then  the  entire  probability  of  successful  missile  launch  Pg  for 
the  attack  is 


rs  -  Ps(B) 

All  Boxes 

Puj.  ips  were  assumed  to  start  10  seconds  after  detection  because 
of  the  lock-on  time  required.  For  further  details  see  Reference 
2. 


3 Attack  Failure 


Attack  fallvire  is  established  when  any  of  the  following  condi¬ 
tions  are  met; 


1.  A  lead -pursuit  launch  condition  (£  <  10°)  is  not  achieved 
for  Rmax  >■  R  7"  R^in* 

2.  Oimbal  angle  limits  are  exceeded  when  Rdetectlon^^ 

Rlmpact  • 

3.  Recovery  maneuver  results  in  L/M  •<  0.5  g's. 

4.  Trajectory  requires  negative  values  of  L/M. 

4.  Results 

4.1  General 

Figures  4  throu»di  7  present  the  results  of  the  analysis  dis¬ 
cussed  in  section  3.3.  Each  point  used  in  plotting  a  given  curve  is  the 
composite  evaulation  of  24  separate  attacks  by  the  method  of  section  3»3*^* 
For  variation  of  probability  of  successful  launch  with  interceptor  alti¬ 
tude  Figures  4  thx'ou^  7  best  express  the  results.  A  discussion  of  the 
characteristics  of  these  curves  is  given  below. 

4.2  Chai-acteriStiCs;  of  Probability  of  Success  vs.  Interceptor  Altitude 
Curves 
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4.2.1  Mach  0.9  Target  at  50.000  Ft.  -  Figure  4. 

Attack  success  decreases  for  the  unimproved  radar  as 
the  interceptorb  initial  altitude  is  lowered  to  35»000  feet.  This 
trend  is  caused  prinbipallj.  by  the  larger  error  between  the 
initial  interceptor  course  and  a  lead-pursuit  course  as  the  in¬ 
cremental  altitude  Is  Increased.  This  relation  holds  because  the 
interceptor  maximum  velocity  between  35»000  ft.  and  ft* 

constant  at  Mach  2  and  the  pitch-v®  rate  is  limited  by  the  L/W  « 

3g  requirement.  Below  35 >000  feet  the  decrease  in  interceptor 
maximum  velocity  allows  a  greater  pltch-up  rate  for  a  3g  course. 

The  captabllity  to  reduce  error  Increases  faster  than  the  error 
itself  as  the  interceptor  initial  altitude  is  lowered.  This 
accounts  for  the  break  in  the  curve  for  \inimproved  radar. 

For  improved  radar  the  additional  detection  range  allows 
the  initial  error  to  be  converted  to  within  +10°  before  Hmin  even 
for  large  incremental  altitudes.  ~ 

The  gimbal -angle -limit  restrictions  on  success  Indicated 
in  Figure  4  are  slight,  (probability  decrease  <  105^) 

4.2.2  Mach  0.9  Target  at  6?, 000  ft.  -  Figure  5. 

The  curves  of  Figure  5  reverse  slope  at  35*000  ft  for 
the  reasons  noted  in  section  4.2.1.  The  reduction  in  probability 
of  success  below  1^,000  feet  is  due  principally  to  the  minimum 
L/\f  criterion  of  0.5  g  during  the  recovery  maneuver. 

4.2.3  Mach  2.0  Targets  at  50,000  ft.  and  65,000  ft. 

The  curves  of  Figures  6  and  7  for  Mach  2.0  targets  show 
great  reduction  in  success  as  attacks  are  started  from  lower 
altitudes.  The  •;e  of  error  reduction  is  slower  for  the  hijdier 
speed  targets  and  the  increase  in  maneuverability  gained  by  i^he 
interceptor  because  of  decreased  maximum  velocity  at  low  altitudes 
does  not  compensate  for  the  greater  initial  error  to  be  over;aae. 

An  exception  is  the  Vfy^v  interceptor  with  improved  radar  pulling  iq) 
from  10,000  ft.  to  attack  a  Mach  2  Target  at  40,000  ft.  A  high 
percentage  of  lead-pursuit  courses  is  attained  but  gimbal  single 
1..' limits '.are  exceeded.  In  other  cajes  the  gi]ift>al  angle  restrictions 
indicated  in  Figures  6  and  7  are  slight.  (Probability  decrease <  105I) 
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pRo&ABiuiTx  Of  Succt&^FUL  L/-  NCK  ,  Ptft  Cent 

Figure  4 


Prob/\B(uity  Of  SwccesSFui-  Launch  ^  Per  Cent 

figure  5 
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Figure  G 
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Probab»l-itv  Of  Successful  Launch-  ,  Per  Cewt 
FIGURE  7 
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U>K  =  (T-h'fir)fSin(t>J>n^eSjnPiafCaS<i^oJ(oi"OCcS^^ 

CsS  ^Oj[J 


(1^12) 


Buierlcm  Angles: 


tf  I 


/,  -y/  =  Tofo' 


. /_  -5,0 y/Coi -^C^sBSmS  1 


sm  7" 


^in'^C\/c^V-() 

\ax  -  Tj^CVo-Vy),  limited  to  6.5  R.M, 


where : 

Rmny  =  maxiinum  launch  range 
RlthJ  =  is  defined  in  Figure  1-1 
-  11  sec  for  Vq^  Vy 
f]^(h)  sec  for  Vc  <C  Yf 
Vq  =  Range  x'ate  (positive  when  closing) 
Vj  =  Interceptor  velocity  -  (ft. /sec) 


Rjoin  —  R2(R)  ■*■  ^2  ^0 
where: 

RjjiiQ  =  minimum  launch  range 
To  =3.3  sec. 

R2(h)  s=  is  defined  in  Figure  1-1 

Vo  :?  935  [l-«).A3  (1  -  |^)|  ft/seo 

* 

where : 

Vo  =  Average  relative  missile  speed 
p/Po  '  pressure  ratio  to  a  seai-level  reference. 


(1-2.3) 


(l^U) 


(1-15) 


(1-16) 


(1-17) 


(1-18) 


(1-19) 
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A?psmixji 
P»flnUl9n  aL 

A 


Xe,  le,  Ze 
0,  V,  W 

E 

T 

]L  =  in 

D 

D  =  |d| 

f 

T  =  |f  I 

W 

Vf 

Vp  =  ITj-l 

w 

w  =  lw|=  mg 


ft 

R 

R  c  I  r| 

A 

r 


s  inertial  apace  orthogonal  unita  vsctora. 

=  wind  axin  orthogonal  unit  veotora. 

=  anglea  referring  space  to  wind  coordinates. 

-  angle  between  thruat  vector  and  fuaelag[e  reference  line. 
=  lift  vector,  perpendioular  to  velocity  vector  and  wings. 
=  lift  (pounds) 

s  drag  vector,  parallel  to  velocity  vector 
=  drag  (poVmds) 

=  thrust  vector 
=  thrust,  (pounds) 

s  gravitational  force  vector  on  interceptor 
=  interceptor  velocity  vector 
=  interceptor  speed  (ft/sec) 

=  gravitational  force  vector  on  interceptor 
=  Interceptor's  weight  (pounds) 

=  mass  of  interceptor  (slugs) 

=  gravitational  acceleration,  constant  (ft/seo^) 

=  turning  rate  of  target  with  respect  to  space  (rad/aeo) 

=  range  vector 

-  range  (ft.) 

s  total  lead  angle 
s  angle-off-target 's  nose 
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0 

nr 

% 

Vo  “  |Vol 
P 

L0J,6^K 

oC 

Vt 

Vt=1Vt( 

h 

M 

Tf 


s  (rad>/s*o) 

B  total  angular  rate  of  the  llne-of-*ight  (red/Mc) 

r  average  nlsalle  velocity  vector 

s  average  relative  missile  speed  (ft/seo) 

B  depression  angle  of  amament  control  axes  to  aircraft 
axes,  a  constant 

s  antenna  train  angles  in  axijxiuth  and  elevation,  respeotively 

B  angular  rates  of  the  llne-of-aight  in  pitch  and  yaw,  re> 
spectlvely  (antenna  coordinates)  (rad/seo) 

=  angle  of  attack 

=  target  velocity  vector 

B  target  speed  (ft/seo) 

=  altitude  (feet) 

-  Mach  niuaber 

B  tiine-of->flight  of  missile 
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Summary 


The  results  of  this  analysis  showed  that  a  target  perform¬ 
ing  an  evasive  maneuver  against  an  attacking  interceptor  did  not 
seriously  degrade  the  probability  of  success  from  that  obtained  against 
a  non-maneuvering  target.  Other  factors,  such  as  insufficient  detect¬ 
ion  range,  Insufficient  gimmal  angle  coverage,  and  the  limiting  attack 
course  (for  Vij/Vj-  =  l.C)  resulted  in  limiting  the  succesafulness  of 
missile  launch  to  a  greater  degree. 


The  results  obtained  from  use  of  the  radar  parameters  for 
condition  A  yielded  low  probabilities  of  success  for  missllA  launch 
while  condition  B  yielded  more  reasonable  results.  These  two  sets  of 
eadar  parameters,  A  and  B,  are  defined  below.  They  will  be  discussed 
in  more  detail  in  Section  IV  of  this  report. 


Condition  A 


Ti  13.00  n.m. 
s  +41® 

_  r+4^ 

”/-38+  (minus  is  down) 


Rgjjj  s  1^.00  n.m. 
Aa  =  +57® 

Ae  =  +57® 
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I.  Introduction  /. 

An  analysis  of  the  probability  of  an  interceptor  being  able  to 
successfully  launch  u  riisslle  at  a  target,  when  the  interceptor  has  boon 
vectored  to  the  point  of  detection  on  a  pure  collision  course,  haa  been 
nerfur  This  analysis  has  been  made  against  both  a  maneuvering  target 

and  a  non-'maneuvering  target  in  a  co-altitude  attack. 

The  primary  purpose  of  this  report  is  to  present  the  roaults  of 
this  analysis  for  the  maneuvering  target  case  and  to  see  how  much  effect 
an  evasive  target  maneuver  would  have  on  the  probability  of  success.  Thus, 
a  comparison  shall  be  made  of  the  probability  of  success  against  a  maneuver¬ 
ing  target  with  that  for  a  non-maneuvering  target. 

The  probability  of  successfully  launching  the  mieaile  is  obtained 
as  a  function  of  the  following  quantitlesj 

1. 


2. 


3. 

4. 

5. 

6. 


II.  Summary 

The  results  of  this  analysis  showed  that  a  target  performi/jg  an 
evasive  maneuver- against  m  attacking  interceptor  did  not  seriously  degrade 
the  nrobabilJty  of  success  from  that  obtained  against  a  non-maneuvering  target. 
Other  factors,  such  as  insufficient  detection  range,  insufficient  gimmal  angle 
coverage,  and  the  limiting  attack  course  (for  VxAf  =  1*0)  vesulted  in  limit¬ 
ing  the  euccessfulnesa  of  missile  launch  to  a  greater  degree. 

The  rep’ilts  obtained  from  use  of  the  radar  parameters  for  condition 
.'lolded  low  u'gpabilities  of  success  for  missile  launch  while  condition  B 
yielded  more  reasonable  results.  These  two  sets  of  radar  paramettis,  A  and  B, 
are  defined  below.  They  will  be  discussed  in  more  detail  in  Section  IV  of 
this  report. 


Target  maneuver  or  non-manouvering  target,  (The  method  of 
maneuvering  target  will  be  disoussed  in  Section  III). 

Probability  distribution  of  vectoring  errors  in  a  collision 
vectoring  system. 

Probability  distribution  of  detection. 

A  fixed  AI  gimmal  coverage. 

Probability  distribution  of  look-on  errors. 

Probublllty  of  reducing  this  error  to  within  +10  degrees  prior 
to  the  Interceptor  crossing  the  minimum  launch  range. 
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III.  Mnn’^uvorlnr'  Tnrrot  Ar..'nim->t j ops 

Th«  first  au'umptlon  will  b«  that  tha  bomber's  target  vill  be  the 
fleet  center.  Tims,  the  target  will  be  approaching  the  fleet.  Therefore, 
it  will  be  assumed  that  any  target  maneuver  will  not  appreciably  change  the 
target's  heading  from  its  original  path  of  flight.  In  this  study  the  maxi¬ 
mum  change  in  target 's  heading  from  its  original  fligut  path  was  assumed  to 
bo  +30  degrees. 

For  the  purpose  of  this  study  it  was  also  assumed  that  the  target 
did  not  begin  to  maneuver  until  interceptor  lock-on  occurred.  The  target 
continued  to  maneuver  from  this  time  until  the  completion  of  the  attack  by 
the  interceptor. 

At  the  altitude  -  30,000  feet  -  at  which  this  analysis  was  made, 
the  "geo"  capability  of  tha  target  was  aosumod  to  be  1  "gee"  laterally. 

This  correspond:?  to  a  coordinated  turn  bank-angle  of  45^ • 

The  target  was  allowed  to  initially  maneuver  to  the  right  or  to 
the  left  of  its  original  flight  path.  The  target  maintained  either  of  these 
two  maneuvers  for  a  period  of  time  until  its  heading  had  changed  by  30  degrees 
from  its  original  flight  path.  When  this  change  in  heading  was  obtained,  the 
target  then  maneuvered  in  the  opposite  direction  until  again  obtaining  a  head¬ 
ing  change  of  30  degrees  from  the  original  flight  path.  This  type  of  maneuver¬ 
ing  tactics  was  continued  by  the  target  until  the  end  of  the  attack  being  made 
upon  it. 

IV.  Method,  of  Analysis 

The  interceptor  was  vectored  to  the  point  of  detection  on  a  pure 
collision  course.  The  vectoring  distribution  was  assumed  normal  and  to  have 
a  standard  deviation  of  3  nautical  miles  parallel  to  the  oollislon  course 
line  of  sight.  In  all  cases,  the  heading  associated  with  the  interceptor  was 
assumed  to  be  that  heading  which  would  place  it  on  a  collision  course  at  the 
center  of  this  normal  distribution. 

The  probability  distribution  of  detection  was  assumed  to  be  normal 
and  to  yield  the  85  percent  cumulative  probability  of  detection  ranges  as 
given  in  reference  1.  The  st'ardard  deviation  of  this  distribution  was  taken 
as  3.6  nautical  miles  and  was  based  upon  a  review  of  APQ-50  Kaval  Air  Test 
Center  test  data. 

Lock-on  was  assumed  to  have  occurred  at  a  fixed  time  of  10  seconds 
after  detection.  During  this  time  period,  the  interceptor  continued  on  a 
pure  collision  course  and  to  maintain  the  heading  that  would  place  it  on  a 
collision  course  at  the  center  of  the  normal  vectoring  distrlbatlon. 

At  lock-on,  the  interceptor  was  assumed  to  execute  a  3  "gee" 
lateral  turn  in  an  effort  to  reduuo  the  error  to  ;J10  degrees  prior  to 
reaching  the  minimum  launch  range  as  mechanized  in  the  AN/APA-i28  computer. 

At  the  same  time,  the  target  began  to  make  an  evasive  maneuver  either  to  the 
right,  or  tha  loft  of  its  original  flight  path,  as  was  disoussed  In  the  pre¬ 
vious  section.  If  the  interceptor  was  successful  in  reducing  the  error  to 
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xero  d«PT«aa  orlor  to  roachlriG  the  mlnlmui:  launch  range,  It  would  thon  ^ly  ft 
lead  pursuit  ooursn  so  long  as  it  was  able  to  keep  the  error  at  aero  degrees* 

Two  seta  of  rndor  parametera  were  uaed  in  thle  analyala.  They  are 
listed  below  in  Table  I  and  will  be  referred  to  aa  Condition  A  and  Condition 
B  for  the  remainder  of  this  report. 


Table  I 


Condition  A 

Condition  B 

^  13. CO  n.m. 

m  ±  410 

^e  =  (|"+47® 

1  -  38°  (minuo  is  down) 

s  -19  nein* 

A  a  B  +  57® 
s  +57° 

The  parameters  of  condition  A  were  taken  to  be  reoreaentative  of 
the  first  lot  AN/APQ-72  and  -74  radars,  with  the  SSJtoutinalatlve  probability 
detection  range  occurring  at  approximately  13.00  nautical  mllea  on  the  nose. 

For  condition  B,  the  antenna  coverage  was  decided  upon  after  a 
discussion  with  antenna  design  personnel.  An  increase  of  the  65i  cumulative 
probability  detection  range  to  19  nautical  miles  on  the  nose  was  also  decided 
upon. 


An  illustrative  example  of  the  procedures  involved  in  arriving  at 
the  probability  of  successfully  launching  the  missile  is  shown  3n  figure  1. 
This  example  Indicates  a  desired  attack  objective  that  would  brlnp  the  Intezv. 
ceptor  in  on  a  relative  bearing  course  of  30  degrees  off  the  targot’a  nose. 
Associated  with  each  box  of  space  shown,  there  are  several  probabilities 
each  of  which  are  evaluated  in  turn.  These  aret 

1.  Probability  of  being  vectored  into  that  particular  box  - 

2.  Probability  of  having  detected  and  locked-on  in  this  box  - 

3.  Probability  of  target  being  within  antenna  ooverage  - 

(either  1  or  O)  '  ^ 

4.  Probability  of  reducing  heading  error  at  look-on  aasooiated  with 
this  box  to  HhlO  degrees  prior  to  reaching  the  minimum  launch 
range  -  Pc(Bi)  (cither  1  or  O). 

For  thie  particular  box,  the  probability  of  suooesa  is  given  byj 
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Figure  1  -  Exsrple  of  Pfobabilitj-of-Eissile-lauEch  Calculations 
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The  total  prohablllty  of  suooess  for  mlBslla  lauooh  at  this  parti¬ 
cular  angle  off  is  given  by  the  sun  of  all  the  boxea,  or 


iBl 


where  1  s  1,2|3> 
n  is  the  total  number  of  boxea 
evaluatod  (n  s  48  for  thia 
analysis). 


The  analyaia  was  performed  for  an  Interceptor  being  veotored 
on  a  pure  collision  course  at  eithitr  of  three  relative  bearing  angles | 

T7  s  0®,  30°,  or  60®  where  'V  is  the  angle  off  the  target’s  nose.  For  each 
bearing  angle,  three  target  to. interceptor  speed  ratios,  Vt/V^  b  1.0,  0.8,  and 
0.45,  were  considered.  The  evaluation  was  darried.only  to  a  relative  approach 
angle  of  60  degrees  off  the  target's  nose* 

V«  Results 

The  results  will  be  presented  in  the  form  of  graphs,  where  the 
probability  of  suocossfully  launching  the  missile  is  given  for  the  relative 
bearing  angles  considered.  In  each  figure,  with  the  exception  of  2  and  3» 
the  probability  will  be  shown  for  both  sets  of  radar  parameters  and  for  both 
the  case  of  a  maneuvering  target  and  a  non-maneuvering  target. 

The  maneuvering  target  data  will  be  presented  from  fow  different 
aspects.  First,  a  comparison  shall  be  made  of  the  two  types  of  target 
maneuver,  either  an  initial  maneuver  to  the  right  or  an  initial  maneuver  to 
the  left  of  its  original  flight  path  for  the  relative  bearing  angle  of  Tu  «  0®, 
30®,  and  60°.  For  the  case  of  't'y  =  30®  and  60®,  an  initial  target 
maneuver  to  the  right  of  its  original  flight  path  will  be  defined  ua  a  maneuver 
towards  the  attacking  interceptor.  Similarly,  the  opposite  type  01  maneuver 
will  be  defined  as  a  maneuver  away  from  the  attacking  interceptor.  Figures  2 
and  3  illustrate  this  situation.  Figure  2  presents  the  probability  of  success 
for  the  radar  paramoters  of  Condition  A  while  figure  3  contains  data  for  the 
radar  parameters  of  oondltlon  B. 

For  the  nose  on  condition,  2^  =  0®,  the  probability  of  success  Is 
the  same  for  an  initial  target  maneuver  to  either  side  of  its  original  flight 
nath.  However,  if  only  an  initial  target  maneuver  always  towards  or  always 
away  from  -^he  interceptor  is  considered,  *he  initial  maneuver  always  towards 
the  lnterc(:>ptor  will  be  higher  than  the  Ovher  type.  Although  the  initial 
maneuver  towards  the  Interosptor  will  deoraase  the  available  tiifte  for  the 
attack  slightly,  the  target  maneuver  has  the  effect  of  aiding  the  interoeptor 
in  reducing  the  error. 

As  the  angle  off  the  nose  increases,  a  target  maneuver  away  from 
the  Interceptor  produces  a  higher  probability  of  suooess  than  that  for  a 
target  maneuv<°.  Lowarda  the  interceptor.  The  reason  is  that  the  error  may 
be  reduced  to  +10  degrees  quicker  than  for  the  latter  maneuver. 
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Thus,  for  the  three  relative  bearing  angles  considered,  the  following 
types  of  target  maneuver  produced  the  greatest  amount  of  degradation  in  the 
probability  of  success  from  that  of  the  non-maneuvering  case. 

=  0®  -  Target  maneuver  initially  away  from  interceptor 
Tv  =  30®  or  60®  -  Target  maneuver  initially  towards  the  interceptor 

Secondly,  the  data  will  be  presented  for  the  above  conditions,  or 
that  combination  of  target  maneuvers  which  will  account  for  the  largest  decrease 
in  the  probability  of  success.  This  condition  is  illustrated  in  figures  4,  5, 
and  6* 

Figures  7,  8,  and  9  will  compare  the  case  of  an  initial  target  maneuver 
to  the  right  of  its  original  flight  path  against  that  of  a  non-maneuvering 
target.  Fourth,  the  case  of  an  initial  target  maneuver  to  the  left  of  its 
original  flight  path  will  be  presented  in  figures  10,  11,  and  12. 

Figiu'es  4,  5,  and  6  presents  the  results  of  this  analysis  for  a 
target  to  interceptor  speed  ratio  of  1.0,  0.8,  and  0.45  respectively.  For 
the  radar  parameters  of  condition  A,  the  primary  reason  for  the  resulting  low 
probabilities  of  success  for  relative  bearing  angles  of  +20  degrees  off  the 
target's  nose  may  be  attributed  to  insufficient  time  to  reduce  the  error  to 
+10  degrees,. which  is  the  result  of  Insufficient  radar  lock-on  range.  As  tha 
relative  bearing  angle  off  the  target's  nose  Increases  towards  60  degrees,  the 
available  time  for  an  attack  increases,  but  for  the  cases  of  Vj/Vy  s  1,0  and 
0.8,  difficulties  now  arise  from  the  limited  gimmal  angle  coverage.  For 
Vj/VF  -  1.0,  additional  difficulties  arise  due  to  the  existence  of  a  liradtlng 
course  which  will  carry  the  Interceptor  within  the  allowable  launch  zone  for 
the  Sparrow  III  missile. 

For  the  radar  parameters  of  condition  B,  figures  4,  5,  and  6  indicate 
the  probability  of  success  is  now  more  reasonable.  However,  for  the  case  of 
Vj/Vf  =  «  major  shortcoming  still  exists.  For  low  relative  bearing  angles 

off  the  nose,  this  shortcoming  is  still  traceable  to  insufficient  detection 
range.  For  the  angle  of  60  degrees  off  the  nose,  gimmal  angle  coverage  plus 
the  existence  of  the  limiting  course  previously  mentioned  account  for  the  low 
probability  of  success. 

A  comparison  of  the  probabilily  of  success  curves  for  the  maneuvering 
target  versus  that  for  the  non-maneuvering  target  case  indloatee  that  an  evaalve 
maneuver  by  the  target  resulted  in  only  a  small  decrease  of  the  probability  of 
success,  approximately  15^  for  the  worst  ease. 

Figures  7,  8,  and  9  compares  the  probability  of  suoceasful  missile 
launch  for  a  target  which  initially  maneuvera  to  the  right  of  ite  original 
flight  path  with  that  of  a  non-maneuvering  target  for  speed  ratios  of  VtA!F  ^ 
1.0,  0.8,  and  0.45  respeotlvely.  This  type  of  target  maneuver  produoea  a 
lower  probability  of  suooess  than  that  of  the  non-maneuvering  target  case.  Thia 
difference  in  probabilities  is  generally  rather  email,  with  the  lergeet  diff¬ 
erence  being  on  the  order  of  15%. 

Tha  comparison  of  the  probability  of  auooess  for  the  case  of  -a  target 
which  initially  maneuvers  to  the  left  of  its  original  flight  path  with  that 
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of  a  non-maneuvering  target  Is  shown  in  figures  10,  xl,  and  12  for  speed  ratios, 
^/vp  ■  1.0,  0.8,  0.45>  respectively.  For  this  type  cf  initial  target  maneuver, 
the  prdbahillty  of  success  for  the  maneuvering  target  Is  approximately  the  same 
as  thnt  of  the  non-maneuvering  target. 
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Probability  of  Saccessful  Arrival  to  Missile  Launch 
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Figure  2  -  A^obabllity  of  Suooeeeful  Miesile  lauBoh  Vereus 
Veotoring  Angle,  Maneuvering  Target* 
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%5i6  -  ^9  n.a. 
Aa  =  +57® 

Ae  s!  ^70 


-  -  -  -  -  Initial  target  naneu'wt 
to  left  of  original  flight  path. 

Initial  target  maneuver 
to  right  of  original  flight  path. 

Vf  =  M  1.91  =  1897  ft./see. 

Altitude  ■  30,000  ft. 


Interceptor's  Relative  Angle  off  Target's  Nose  —  (deg) 

Figure  3  -  obability  of  Successfial  Missile  Launch  lersus  Vectoring 

Angle,  Maneuvering  Target, 
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•Rrobablllty  of  Successful  Arrival  to  Missile  Launch 
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Intex'oeptor 's  Relative  Angle  off  Target.**  Hoi*  '*'Deg« 

Figure  4  -  Firobabilltgr  of  Suooessful  Kisslle  Launob  Versue 
Veotorlng  Angle,  Vy/Vy  s  1.0 
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Probability  of  Successful  Arrival  to  Kissi 
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Inicroaptor'fl  Relatlva  Angle  Off  Target'*  Noio  ^  Oeg, 

Fig.  $  -  Probability  of  Suooesaful  Miesile  Laxu^oh  Versua  Vectoring  Angle 

w_  Ar_  _  A  on 
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Tigurs  6  -  Probability  of  Suoossaful  HiBsila  Launoh  Vtraua  Vaotoring 

Anglo,  Vj/Vy  ta  0.45. 
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Probability  of  Soecessftil  IrriTsl  to  Missile  Lsxmeh 


ty  of  Snccessfbl  Arrival  to  Hisslle  Laxmch 
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Intaroapl'.or *8  Ralatlvc  Anglo  off  Target's  noae  '^Dog* 


Figuro  8  -  ^obabllity  U’  Suooessfxil  Km^ulo  Launoh  Versua  Vootorlng  Anglo 

VtAr  ”  0.8 
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Probability  of  Successful  Arrival  to  Missile 


Interceptor '8  Relative  Angle  off  Target's  Nose'-' Deg. 


Figure  9  -  Probability  of  Successful  Missile  Launch  Versus  Vectorlna 
Angle,  VtAf  =  0»45. 
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Rrobabllity  of  Successful  Arrival  to  Missile  T.>rnT»«ti 
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Interceptor's  Relative  Angle  off  Target's  Nose  Deg. 

Figure  10  -  nrobablllty  of  Successful  Missile  Launch  Versus  Vectoring  Angle. 

VxAf  ”1.0 
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IVobablUty  of  Successful  Arrival  to  Missile  Launch 
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Irterr'-'-'tor’s  Relative  Angle  off  Target's  Nose  (Deg) 


Figure  11  -  Rrobabiilty  of  auocoeoful  MlBslle  Launch  Versus  Vectoring  Angle 

Vt/7f  p  0.8 
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Rrobablliiy  of  SaccessftO.  Arrival  to  Missile 
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0  W  20  30  40  50  60 

Interceptor's  Relative  Angle  Off  Target's  Hose  ^  (Deg) 


Figure  12  -  l^obabilltj  of  Successful  Missile  Launch  Versus  Vectoring  Angle* 

s  0.45  * 
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1,  aynoptla 

Tha  mama',  proaonts  a  itudy  on  tha  oarly  varnlng  d«too>ion  ranQO  raquira- 
inanta.  Tha  first  aootlon  praaonts  tho  ranga  raqulrament  for  a  naac  raid  in  whioh  a 
number  of  Intorooptora  ara  launohad  from  tha  daok«  Tha  aooond  aaotlon  praaonts  a 
study  on  tho  allowabla  oonbat  tlmo  for  on  Intaroaptor  on  CAP  against  30|000  and 
$0,000  ft.  altltuda  torgatl.  Also  praaantod  in  this  aaotlon  la  tha  Information  on  a 
daok  launoh  Intaroaptor  to  30,000  ft.  altltuda. 


Tho  raqulrod  target  dotootion  range  will  ba  davalopad  in  this  aaotlon  for 
a  target  formation  at  30,000  ft.  altitude.  Tha  assuiqptlon  is  noda  that  the  tiokot  ship 
or  A2W  is  looatod  100  nautloal  mllos  from  fleet  oantor.  The  following  equation  gives 
tho  roqulrod  deteotlon  ranga,  soa  Figure  1,  to  Innure  that  k  intaroaptor a  inter oopt 
target  formation  before  an  allowable  tar'gat  range  of  Rn* 

R^3  «  +  Vt  (  nk  +  to  +  T  )  -  100  ii) 

where  n  ^  intoroeptor  launoh  period  (rolnutos/intorcoptor) 

T  s  total  ^yetom  dead  tlma  (minutes).  This  is  the  tlmo  from  initial 

. ,  tarriot  doteotlon  until  tho  first  Intoroeptor  is  launohod.  Two 
valuos  will  bo  used,  3  and  6  mlnutos. 

k  =  tho  nuubor  of  intorooptora  required  to  intoroept  target  formation 
boforo  a  minimum  range  of  Rj^  nautloal  mllos  from  float  oonter. 

Rn  =  the  minimum  allowable  target  range  from  fleet .oonter.  Two  values  are 
used,  2S  and  100  nautloal  miles. 

to  s  tlmo  required  for  the  Intoroeptor  (P4H~l)  to  raaoh  an  altitude  of 
30,000  foot  and  traverao  2$  nautloal  miles  (2.3  minutes)  or  100 
nautloal  miles  (6.94  minutes)  from  fleet  oonter. 

^  Rq  ^  roqulrod  deteotlon  range  to  insure  that  tho  k^^  launched  Intoroeptor 
' '  intoroepts  the  target  formation  Rq  nautloal  miles  from  fleet  oentor. 

1  ' 

Figure  2  shows  target  speed  In  nautloal  miles  per  minute  versus  Maoh  number 
for  an  altitude  of  30,000  feet.  Equation  1  Is  shown  In  Figures  3  and  4  for  an  Rm  of 
2$  and  100  nautloal  miles  respectively. 

As  an  example,  let  the  task  foroe  have  a  oapabllity  of  launching  one 
IntoroeptorpwnlautB sodlot  the  required  number  of  Intorooptora  bo  30  (nk  =  30). 

Fbr  a  6  minute  delay  time  and  a  target  speed  of  approxlma'.'Oly  Maoh  one  (V'j  =  10  n.m./ 
ruin)  the  required  deteotlon  range  Is  319  and  430  nautloal  miles  for  a  mlnlioum  require.; 
target  rango  of  25  and  100  nautloal  miles  respeotively. 

Thooo  curves  are  optlmlstlo  slnoe  faotors  suoh  as  required  ooinbat  tlmo,  humor 
faotors,  etc.,  are  neglected. 


This  section  develops  the  time  allotted  for  target  ponotratlon  for  the 
F4H>1  Interceptor.  The  development  is  based  upon  the  following  assumed  oonditionn.* 


**  1  Augpst  55,  Of  floe  of  Baval  Rsssaroh  -  Seorst 
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(a)  Th«  targst  la  datadtadi  hf  kSllt  or  piokat  ships  at  a  range  300  nautical 
alias  from  float  oontar*  Zt  should  ba  anphaslsad  that  dataotlon  at 
3OQ  ttautloal  mllas  from  flaot  eantar  vlth  currant  and  prejaotod 
19^  aquipmant  appears  oonaidarably  optlmlstio. 

(b)  mnlMua  allovtabla  target  distanca  from  fleet  cantor  is  100  nautical 
miles,  a  range  oontingant  with  the  launching  of  glide  bombs. 

(0)  There  Is  a  total  ajrstem  dead  time  of  3  minutes  fton  Initial  target 
detection  until  Initial  Intaroeptor  Teotorlng. 

(d)  The  intaroeptor  is  on  OAP  100  nautioal  miles  from  fleet  oentar  at 
30,000  ft.  altitude  at  oruisa  oonditlon.  A  daok  launohed  Intoroeptor 
against  30,000  ft,  targets  la  also  presented. 


The  affaot  of  initial  target  deteotlon  range  and  total  system  dead  time 
upon  target  penetration  time  will  also  be  developed  to  generalise  the  results. 
Target  altitudes  of  30,000  and  30,000  feet  are  Investigated . 

3.1  aumry  Regwlk 


w 


Target  Speed 
(ft/seo) 

Xnteroaptor  Speed 
(ft/seo) 

Available  Combat  Tine 
(minutes) 

854 

894 

10.7 

1518 

894 

3.82 

1897 

894 

2.5 

30.000  ft.  aooalerated  out  to  tareet 

Target  Speed 
(ft/seo) 

Interoeptor  Speed 
(ft/s5o) 

Available  Combat  Time 
(minutes ) 

854 

1897 

13.93 

1518 

1897 

5.42 

1897 

1897 

3.53 

Target  Spaed 
(ft/seo) 

Interoeptor  Spaed 
(ft/aao) 

Available  Combat  Time 
(minutes) 

1940 

873 

'  a 

2.3 

1552 

873 

3.6 

873 

873 

10.1 
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50.000  ft.  run  to  gupTioalo  tpa«d  »t  30.000. Thtn  guperMOnlQ  climb 


Target  ^eed 
(ft/seo) 

Interoeptor  Speed 
(ft/seo) 

Available  Combat  ^Ime 
(minutes) 

1940 

1830 

3.1 

1552 

1900 

5 

873 

1940 

13*18 

3*2 

Figure  S  shove  the  aooeleratlon  oharaoterietios  of  the  F4H-1  intorcoptor 
from  a  orulse  speed  of  894  ft/seo  to  the  maximum  speed  of  1897  ft/seo  at  30^000  ft. 
altitude.  This  figure  gives  the  intoroeptor's  speed  versus  time  .whereas  Figure  6 
gives  the  distance  traveled  versus  time.  The  time  required  to  aooelerato  to  maximum 
speed  is  approximately  3*45  minutes.  Figure  7  represents  an  interception  at  30,000 
ft.  altitude  against  a  target  whose  speed  is  1897  ft/seo.  This  figure  gives  the 
Intoroeptor's  dlstanoe  which  is  Identloal  with  that  given  in  Figure  €  but  the 
dlstanoQ  traveled  in  Figure  7  is  measured  from  fleet  center.  The  interceptor's 
sero  time  position  la  100  nautical  miles  from  fleet  center  since  the  interceptor  is 
assumed  to  be  on  CAP  at  this  range.  Therefore,  the  time  shown  on  this  figure  cor¬ 
responds  to  Initial  interceptor  vectoring.  Preooeding  this  time  there  is  a  system 
dead  time.  This  dead  time  of  3  minutes  is  shown  as  a  dlstanoe  traversed  by  the 
target  from  the  300  nautical  mile  detection  range.  Thereafter,  the  target's  dlstanoe 
is  given  as  a  linear  function  of  time.  The  intereotion  of  the  target's  distance  with 
that  of  the  interceptor  gives  the  time  of  interception  after  initial  intercwi'tor 
VQOtoring  and  the  distance  from  fleet  center.  The  time  allotted  for  target  de..  "uctlon 
is  the  time  remaining  from  interception  until  the  target's  dlstanoe  from  fleet  ol  or 
is  100  nautioal  miles.  The  time  for  this  condition  is  3.5  minutes. 

Figure  8  presents  the  aooelerated  condition  at  30,000  ft.  altitude  with 
the  three  target  speeds  being  Investigated,  8S4»  1518,  and  1897  ft/seo.  The  cruise 
condition  is  presented  in  FJgure  9  • 

The  vectoring  model  assumed  does  not  account  for  any  distance  traversed  by 
the  interceptor  perpendicular  to  the  target's  track.  This  effect  is  somewhat  taken 
into  account  by  the  fact  that  interception  occurs  at  zero  range. 

Certain  observations  should  be  noted  from  Figure  d  • 

(a)  Target  distances  versus  time  is,  of  course,  a  straight  lino  whose 
slope  is  target  speed. 

(b)  Target  detection  range  and  total  system  dead  time  affect  only  the 
target  distance  from  fleet  center  at  zero  time  for  a  given  target 
speed. 

(o)  The  time  allotted  for  target  penetration  is  the  difference  between 
the  time  \dien  the  target  reachs  100  nautioal  miles  and  the  time  of 
interception;  aitd  is  a  funtion  of  the  zero  time  dlstanoe  of  the  target, 
target  speed,  and  interceptor's  distance  versus  time  curve. 
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Ftom  th«  aboy*  oonaldaratlona  a  "Ic**  faotor  la  dofinod  ^Aata  200  k  ia  tha 
ohanga  in  tha  targat'a  diatanoa  ftroa  flaat  ooatar  at  aaro  tlma*  Thla  "k"  factor  ia 
ralatad  to  tha  l&ltlal  taraat  dotaotlon  range  and  total  a^i^atom  dead  time.  Figure  lO 
llluatrates  thia  faoter*  xha  total  "k**  factor  ia  that  "k”  due  to  a  particular 
detection  range  plua  that  due  to  a  particular  dead  time  and  target  velocity. 

Available  combat  time  ia  ahown  ia  Figurea  ll  and  /2  aa  a  IHinotion  of  the 
total  factor  and  target  apeed  for  tha  acoalaratad  and  cruiaa  apoad  oouditiona 
reapaotive'iy. 


The  important  facts  from  Figures  1^-12  are  tabulated  below. 

Total  "k"  factor 

Target  Speed 
(ft/sec) 

Interceptor  Speed 
(ft/sec) 

Available  Cotibat  Time 
(minutes) 

.126 

854 

1897 

13.93 

.227 

1518 

1897 

5.42 

.28 

1897 

1897 

3.53 

.126 

854 

894 

10.7 

.227 

1518 

894 

3.32 

.28 

1897 

894 

2.5 

■J 

The  50,000  ft.  altitude  target  will  be  Investigated  In  two  uayst  (l)  to  uae 
best  subsonic  climb  to  50,000  ft.  from  CAP  at  30,000  ft.  and  (2)  to  use  best  super¬ 
sonic  climb  to  50.000  ft.  Climb  data  on  the  F4H-I  is  given  in  Navy  Missile  Study 
Technical  Report  #2  -  F4H-1  Basic  Performance  Data  -  5/9/57  by  R.  B.  Tucker  -  Confi¬ 
dential. 


The  speed  and  distance  curves  the  supersonic  climb  case  are  presented 
in  Figures  J3  and  respectively.  The  following  facts  are  noted  from  Figure 

1 3  « 

(a)  Acceleration  at  30,000  ft.  to  the  best  supersonic  climb  speed  requires 
1.7  minutes. 

(b)  Supersonic  climb  from  30,000  ft.  to  50,000  ft.  requires  1.52  minutes. 

(o)  Acceleration  at  50,000  ft.  to  Mach  2  (1940  ft/sec)  requires  2.48 
minutes. 

The  available  combat  time  for  the  supersonic  clinib  case  is  presented  in 
Figure  tS  as  a  function  of  the  total  "k"  factor.  Co-altitude  limitations  are 
shown  on  this  figure  \diloh  represents  the  interceptor's  termination  of  climb. 

Figures  /^/Vend  /S  give  the  following  Ix^ormatlon. 
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Total  "k"  factor 

Target  Soeed 
(ft/sec) 

Interceptor  Speed 
(ft/seo) 

Available  Conibat  lisM 
(minutes) 

.29 

1940 

1830 

3.1 

.23 

1552 

1900 

5.0 

.123 

873 

1940 

13.18 

Figures  «  /7  ,  and  !$  present  the  eubsonle  ollmb  for  an  aooeleratlon 
and  constant  speed  after  reaching  50,000  ft.  Figure  16  shows  the  large  acceleration 
time  required  at  50,000  ft.  altitude  to  reach  M  2.0  (1940  ft/sec).  For  thiis  reason 
the  available  combat  time  is  not  given  for  aooeloration  -  Figures  H  end  /y 
are  more  applicable-  Figure  i9  gives  the  available  combat  time  for  the  cruise 


b leYtTir  mYT 


Total  "k"  factor  Target  Speed  Interceptor  Speed  Available  Combat  Time 

(ft/sec)  (ft/aeo)  (ininutos) 


23 

1552 

873 

3.6 

132 

873 

873 

10.1 

.  Figures  20  ,  e/  ,  and  2£  pres3ntsa  deck  Ir-unohed  interceptor  against 
targets  at  30,000  ft.  altitude.  Here,  the  interceptor  accelerates  at  sea  level  tc 
climb  speed,  climbs  to  ft.,  said  accelerates  to  maxinum  speed.  Assuming  sero 
catapult  time  the  following  information  is  obtained  f^om  these  figurot. 


Total,  "k"  factor 

Target  Speed 
(ft/seo) 

Interceptor  Speed 
(ft/seo) 

Available  Combat  Time 
(minutes) 

.126 

894 

1897 

0.37 

.227 

1518 

1897 

1.9 

.28 

1897 

1897 

9.4 
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Tlnte  (MLmtes)  (ft’om  Interceptor  Vectoring) 

Figure /7 
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Figure  20 
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Distance  From  Fleet  Center  (Mautieal  Hlles) 
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Figure  ?/ 
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1.  IiitroduotloD 

This  report  preaente  aa  analyalB  of  aoine  of  the  perticeat  feotora 
vhioh  enter  into  the  determinatios  of  the  taotloal  effeotiveneas  cf  the 
Sidewinder  air-to>air  taiaaile  aa  e:.9plo7ed  in  the  F-4H1  weapon  agrateoi*  The 
Sidewinder  model  that  will  be  need  in  thia  weapon  ajatem  ultimately  will 
be  the  modol  1C.  However,  at  the  preaent  time  data  defining  the  1C  oapabi* 
litiea  haa  not  been  developed.  In  antioipation  of  the  faot  that  the  model 
lA  will  be  ueed  initially  in  the  weapon  ayatem  thia  report  deala  eaaentlally 
with  the  capabllltiea  of  the  lA.  Thia  report  preaenta  a  development  which 
leads  from  the  preaentation  of  Sidewinder  lA  launch  aonea^*,  to  the  limiting 
attack  coursea,  and  then  to  the  effect  upon  vectoring  taotioa.  This  report 
deala  only  with  the  co-altitude  attack  oapabilltiea.  Iha  faot ora  whloh  are 
not  treated  is  thia  atudy  but  which  are  none  the  leaa  of  extrema  importanoe 
aret 

1*  Miaalle  atorage  problems  on  launching  aircraft* 

2.  Kisslle  lock  on  problems. 

3.  Missile  launching  transients. 

For  a  description  of  Sidewinder  lA  physical  oharacteriatios  refer  to  referenoe 


The  speed  -  altitude  caaesabudlad  and  presented  in  this  report 
are  listed  in  Table  I. 


coHPiiims. 


Fighter 
Spend  iFt/aeo) 


1940 

1940 

1940 

1897 

1897 

1897 

1189 

1189 

1189 


Target 

Speed  (Ft/seo) 


1940  High 
1552  Medium 
873  Low 
1897  High 
1518  Medium 
854  Low 
1189  High 
951  Medium 
533  Low 


Table  1 


Attack 

Altitude  (Ft) 


50,000 

50,000 

50,000 

30,000 

30,000 

30,000 

1,000 

1,000 

1,000 


2.  Summary  of  Resulta 

2.1*  k  high  degree  of  C.I.O.  control  is  required  if  the  Sidewinder  lA' 
missile  ia  to  be  successfully  launohad  from  the  F4K-1  alroraft* 

This  control  is  necessary  to  place  the  Interoeptor  on  an  attack 
course  from  which  the  missile  launch  sooe  can  be  entered* 

».*  I..*  X. 
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2*2*  Colllalon  vectoring  le  oottpletely  uneiiitad  to  the  requirements 
impoeed  I17  this  partioular  ejetern* 

2*3«  Antiparallel  veotorlng  with  a  oonmanded  txam  is  suited  to  the 
F4H-1  -  Sidewinder  system*  The  use  of  a  single  oonmanded  turn 
point  results  In  an  unhappy  cooqpromlse*  The  oonmanded  turn 
point  should  be  ,i  adjusted  as  a  function  of  Interoeptoavtarget 
closing  rate. 

2.4.  Co-altitude  targets  at  50,000  feet  altitude  traveling  at  1552 
ft/sec  can  be  attaolced  with  questionable  success  by  the  F4H-1 
employing  the  Sidewinder  lA  due  to  interceptor  slow  down.  At 
30,000  feet  altitude,  this  speed  target  can  be  successfully 
attacked. 

2* 5*  Target  penetration  time  and  distance  is  a  severe  problem  for 
all  cases  studied  except  the  low  speed  target  eases. 

2.6.  Althoijigh  not  studied  in  this  report  incremental  altitude  attacks 
on  target  operating  at  50,000  feat  will  very  seriously  limit 
the  target  speeds  which  can  successfully  be  attacked. 

. 2V7*  The  effect  of  a  target  turn  towards  the  attaoldag  interceptor 
after  A1  radar  look  on  is  to  move  the  limiting  attack  course 
signiflpantly  to  the  rear*  In  other  words  a  target  maneuver 
car  seriously. degrade  system  performance. 

2*8.  The  cases  which  have  an  interceptor  to  target  speed  ratio  of  2 
appear  to  exhibit  very  satisfactory  performance, 

3*  Launch  Zone  Development 

^rpical  launch  zones  for  the  Sidewinder  lA  are  presented  as 
Figure;;!.  The  launching  aircraft  must  get  within  these  zones  witix  such 
a  heading  oilentatlon  that  the  target  appears  within  +SP  of  the  missile's 
optical  axis.  To  do  this  requires  that  the  interceptor  aircraft  be  flofwr. 
on  a  pure  pursuit  course  in  the  launch  zone.  An  additional'  factor  which 
is  of  eignlfloance  to  the  development  of  the  launch  zones  is  the  loci 
of  points  on  pure  pursuit  oour([|e8  for  wblob  the  interceptor  must  exseute 
a  3g  turn  rate.  The  radius  of  the  loci  iSvglveinlbelCW'’fon  ocastsat  ajpesd 
attacks 


where t  Vf  »  target  velocity 

Vf  m  fighter  velool^ 

V  B  lateral  aoceleratioa 


This  radius  is  drawn  in  figure:  i  for  B  »  3f 
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Altitude  «  1000* 
K  lAunoL  B  1,0 
K  i^^et  3  1.0 
Horlaontal  Att&ok 


Altitude  «  30,000* 

Bbri*o3t«.l  Attack 
M  ^  X«9 

W  -e  ^  Q 


mm 


Altitude  e  30,000* 

S>rizontal  Attack 
M  Launch  =  1*9 

M  Target  «  1,5 


Altitude  ■  50,000* 
Horizontal  Attack 
M  launch  -*  2»0 
M  Target  2»0 


llgvure  1 
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Altitude  «  50,000* 

Horizontcd  Attack 
^  Launch  a  2.0 
**  Target  a  1.6 
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4«  Umltlrg  Attack  CouraeB 

With  thfl  lofoiTuatloQ  developed  in  eeotion  3  it  is  now  possible 
to  state  the  requirements  of  a  limiting  attack  course.  Th'^se  ares 

1.  The  interceptor  must  enter  the  attack  sone  on  a  pure  pursuit 
course  with  the  greatest  angle  off  the  tail  possible. 

2.  The  attack  course  must  fall  outside  of  the  3g  loci. 

Figures  2  thru  10  present  the  limiting  pursuit  oowses  which  meet  this 
criteria.  It  should  be  emphasized  that  th.6sa  limit  courses  apply  only  to 
a  non  memeuvering  target.  A  target  which  turns  towards  the  interceptor 
resiilts  in  a  limit  course. considerably  to  the  rear  of  those  shown. 

Particular  attention  is  drawn  to  the  50,000  feet  altitude  case 
with  an  initial  interceptor  speed  of  1940  ft/seo  operating  against  a  non- 
maneuvering  target  with  a  speed  of  1552  ft/sec.  This  case  is  shown  in 
Figure  3.  Due  to  the  loss  of  speed,  the  course  which  drew  tangent  to  the 
loci  of  points  on  pure  pursuit  courses  involving  a  3g  lateral  tium  can  not 
close  upon  the  target.  Courses  somewhat  further  to  the  rear  do  nut  require 
as  high  a  rate  of  turn  and  consequently  the  interceptor  does  not  slow  down 
and  the  covirses  close  upon  the  target.  More  will  be  shown  about  this  case 
when  vectoring  is  considered.  Sufficient  speed  loss  occurs  for  the  F4H-1 
at  50,000'  to  be  a  problem  when  employing  sidewinder.  There  is  no  signifi¬ 
cant  speed  loss  at  the  30,000  or  1,000  feet  altitude  cases.  Figures  11  and 
12  present  comparative  slow  down  information  for  different  cdtitudes. 

5.  Effects  Upon  VectorinsL  Tactics 

A  casual  examination  of  the  vectoring  problem  is  sufficient  to 
rule  out  collision  vectoring  as  a  means  of  approach  taotls.  The  deficiencies 
of  collision  vectoring  aret 

extrema  glmbal  angle  coverage  requirements,  if  the  interceptor 
is  to  be  placed  behind  a  limiting  attack  course. 

» 

.  extrens  suseptlbillty  to  starting  an  attack  course  ahead  of  the. 

limiting  attack  course. 

It  is  also  apparent  that  long  range 'lock  on  in  the  forward  hemisphere  could 
place  the  Interceptor  on  an  attack  course  ahead  of  the  limiting  attack,  course. 

In  order  to  assess  the  problem  imposed  upon  the  vectoring  agency 
comparative  oases  ore  presented  for  a  sltiuitlon  in  which  the  interceptor 
was  vectored  to  a  point  with  the  following  specif ioat ions t 

Antiparallel 

23  N.M.  offset 

27  K.M.  range  from  target 

At  this  point  a  2  deg/seo  turn  is  Initiated  to  bring  the  interceptor  to 
detection  end  a  pursuit  ooxirse.  This  partioular  vector  point  was  chooser. 
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to  Dlulmlza  tha  pcaalbillty  of  tha  Intar captor '■  radar  dataotlng  tha  target 
too  Boon  and  it 
attack  oouraa. 


too  Boon  and  Vns  xniaroBpbor  on  a  puraUit  ooura*  ahead  of  th«  llauLt 


Thla  taotio  genarally  brlnga  tha  Iptaroaptor  to  a  pure  purault 
couraa  about  90°  off  tha  target's  nose.batvean  10  and  15  8.M.  range. 

From  an  examination  of  Figures  13,  14,  15,  16,  17,  and  18  which 
present  tha  results  of  iavoatlgating  tha  attack  operation  from  tha  point 
of  tha  CCI  oemmanded  turn,  it  la  poaalbla  to  draw  certain  ganaral  oonoluaions. 

1.  There  la  considerable  mismatch  between  eouraas  involving  the 
low  speed  targets  and  the  medium  speed  target.  Compare  tha 
cases  of  Vj  =  1552  ft/sao  -t  854  1/3  in  figures  13  and  14t 
This  indicates  that  the  CIC  operation  should  adjust  tha 
commanded  turn  point  as  a  function  of  range  rata.  The  point 
used  in  this  study  is  an  unhappy  oompromisa, 

2..'  The  medium  speed  target  when  operating  at  50,000  feat  can 
'  be  attacked  with  questionable  success  due  to  tha  interceptor 
slow  down. 

3*  A  ttirn  by  the  target  towards  the  interceptor  would  result  in 
failure  for  the  attack  courses  for  the  low  speed  target  shown 
in  Flguros  I4i  16,  and  18.  Ey  trading  penetration  time  It  is 
possible  to  make  the  system  less  sensitive  to  target  maneuver. 
This  Ir  done  by  bringing  the  interceptor  closer  to  a  direct 
tail  on  attack. 

Table  2  presents  a  summary  of  the  average  time  spent  from  the 
commanded  turn  point  to  the  firing  zona.  Note  no  time  is  given  for  the 
50,000  feet  KM  oaoe  due  to  the  questioKabla  natwe  of  this  case. 


Altitude 

(feet) 

Case 

Time 

(Seconds) 

50,000 

HM 

? 

HL 

100 

30,000 

KM 

195 

HL 

95 

1,000 

HK 

274 

HL 

U5 

Average  Time  Spent  From  Commanded  Turn  To  Attack  Zone 

Table  2 
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6.  gjarejjin 

It  Is  elearly  syldeat  that  as  ths  speed  ratio  of  the  Interceptor 
^  and  target  approaohes  unity  the  oapabilities  of  the  Sidewinder  lA  arxnaiaent 
system  operating  with  the  T4H-1  steadily  dlminleh.  Vith  a  speed  ratio 
Vy/Vf  =  2  the  system  is  possessed  with  considerable  capability  but  at  a 
speed  ratio  of  Vy/VT  1*5  the  system  suffers  severly  from  penetration  time 
and  difficulty  in  entering  the  launch  zone  at  high  altitude  due  to  interceptor 
slow  down. 


The  Sidewinder  1C  can  be  means  of  achieving  larger  laurr  "  .^es 
Improve  the  situation  considerably.  The  magnitude  of  the  improv  its  in 
the  launch  zones  for  the  1C  is  not  known  so  no  statement  can  be  m  .de  at 
this  time  to  the  eirtent  penetration  time  is  reduced. 
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